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RETROVIRAL PROTEASE INEnBITORS 



BArKCROUN n OF THE INVENTION 

1. T\M nf the Invention 

The present invention relates to retroviral protease inhibitors and, more 
particularly relates to novel compounds and a composition and method for 
inhibiting retroviral proteases. This invention, in particular, relates to N- 
heterocyclic moiety-containing hydroxyethylamine protease inhibitor compounds, 
a composition and method for inhibiting retroviral proteases such as human 
immunodeficiency vims (HIV) protease and for treatment or prophylaxis ot a 
retroviral infection, e.g*, an HIV infection. The subyxx invention also relates to 
processes for making such compounds as well as to intermediates useful in such 
processes. 

2. R?lat?^ Art 

During the r^lication cycle of retroviruses, gag and gag-pol gene products 
art transbled as proteins. These proteins are subsequently processed by a vinUy 
encoded protease (or proteinase) to yield viral enzymes and structural proteins of 
the virus core. Most commonly, the gag precursor proteins ait processed into the 
core proteins and the pol precursor proteins are processed into the viral enzymes, 
e.g. , reverse transcriptase and retroviral protease. It has been shown that correct 
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processing of the precursor proteins by the retroviral protease is necessary for 
assembly of infectious virons. For example, it has been shown that frameshift 
mutations in the protease region of the pol gene of HIV prevents processing of the 
gag precursor protein. It has also bwn shown through site-directed muagenesis 
of an aspartic acid residue in the HIV protease that processing of the gag precursor 
protein is prevented. Thus, attempts have been made to inhibit viral repUcaiion 
by inhibiting the action of retroviral proteases. 

Retroviral protease inhibition typically involves a transition-state mimetic 
whereby the retroviral protease is exposed to a mimetic compound which binds 
(typicUy in a reversible manner) to the enzyme in competition wiUi the gag and 
gag-pol proteins to tiiereby inhibit replication of structural proteins and, more 
importantiy, the retroviral protease itself. In this manner, retroviral proteases can 
be effectively inhibited. 

Several classes of mimetic compounds are known to be useful as inhibitors 
of the proteolytic enzyme renin. See, for example, U.S. 4,599,198; G.B. 
2.184,730; G.B. 2,209,752; EP O 264 795; G.B. 2,200,115 and U.S. SIR H725. 
Of tiiese, G.B. 2,200,115; G.B 2,209,752; EP O 264,795; U.S. SIR H725; and 
U.S. 4,599,198 disclose urea-containing hydroxyethylamine renin inhibitors. 
However, it is known Uiat, although renin and HIV proteases are both classified 
as aqartyl proteases, compounds which are effective renin inhibitors generally 
cannot be predicted to be effective HTV protease iui ibitors. 

Several classes of mimetic compounds have been proposed, particularly for 
inhibition of proteases, such as for inhibition of HIV protease. Such mimetics 
include hydroxyetirylamine isoteres and reduced amide isosteres. See, for 
example, HP O 346 847; EP O 342,541; Roberts et al, "Rational Design of 
Peptide-Bascd Proteinase Inhibitors, "Sfiisnct, 248, 358 (1990); and Erickson et 
al, "Design Activity, and 2.8A Crystal Strucmre of a C, Symmetric Inhibhor 
Complexed to HIV-1 Protease," Scicna. 249, 527 (1990). EP O 346 847 
discloses certain N-heterocyclic moiety-containing hydroxyethylamine protewe 
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inhibitor compounds, but does not suggest or disclose those of the present 
invention. 

WhUe it has been suggested that no improvement in the in vitCS or a mn 
potency of hydroxyethyl-amine ba^ed inhibitors of HIV-protease containing a P, 
aspaiagine can be made (Sfiisna, Roberts et ai.), we find that this is not the case. 
Not only have we made in jdUfi and cx mfl improvements over P, aspangine 
containing inhibitOR, but the novel moieties reported herein are expected to permit 
certain allowances over the aforementioned reference including proteolytic 
stability, duration of action in vivjj and phannacokinetic profile. 
jat jfjf DFiia ^nmON OF THE DRAWINGS 

The present invention is directed to virus inhibiting compounds and 
compositions. More particularly, the present invention is directed to retnmial 
protease inhibiting compounds and compositions, to a method of inhibiting 
retroviral proteases, to pn)cesse$ for preparing the compounds and to intermediates 
useful in such processes. The subject compounds are characterized as N- 
heterocyclic moiety-containing hydroxyethylamine inhibitor compounds. 
r>F,T AILED p F ^ grPTPTiON OF THE PREFERRED IMBOPIM E NTS 

In acconlance witi» the present invention, ti»ere are provided several novel 
retroviral protease inhibiting compounds or a phannaceutically acceptable salt, 

prodrug or ester thereof. 

A preferred class of retroviral inhibitor cor .pounds of the present invention 

are those rqiresented by the formula 

r'' y' 



1 n 6 A u o ^ 



R • R' R' OH R 

(Formula I) 
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or a pharmaceuticaUy acceptable salt, piodnig or ester thereof, wherein the 
steieochemistiy about the hydroxy group is designated as (R) and wherein: 

R represents hydrogen.alkoxycaibonyl.aryloxycaibonylalkyl.aralkoxy^nyl. 

alkylcarbonyl, cycloalkylcarbonyl. cycloaUcylalkoxycarbonyl. 
cycloalkylalkanoyl, alkanoyl, aialkanoyl, aroyl. aiyloxycaibanoyl. 
aryloxyalkanoyl. heteitxjyclylcarbonyl, heterocycloxycarbonyl, 
heteroaralkoxycarbonyl. heterocyclylalkanoyl, 
heterocyclylalkoxycarbonyl, heteroarylcarbonyl. 
heteioaiyloxycaibonyl, hetcroaioyl, alkyl. alkenyl, cycloalkyl. aiyl. 
aralkyl, aryloxyalkyl. heteroaryloxy alkyl, hydroxyalkyl. 
aralkylaminoalkylcarbonyl. aminoalkanoyl. aminocarbonyl, 
aminocarbonylalkyl. alkylaminoalkylcarbonyl. and mono- and 
disubstituted aminocarbonyl and aminoalkanoyl radicals wherein the 
substituents are selected from the group consisting of alkyl. aiyl. 
anlkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, 
heterocycloalkyl, and heterocydoalkylalkyl radicals, or in the case 
of disubstituted aminoalkanoyl. said substituents along with the 
nitrogen atom to which they arc attached form a heterocyclyl or 
heteroaryl radical; 

R' represents radicals defmed for R». or R and R together with the nitrogen to 
which they are attached form a heterocycloalkyl or heteroaryl 
radical; 

R« represents hydrogen. -WCNH,. -CO,CH,. -CH,CO,C»„ -C(0)NH„ - 
C(0)NHCH,.-C(0)N(CH,)„-CH,C(0)NHCH„.CH,C(0)N(CH,)„ 

alkyl. thiolalkyl and the corresponding sulfoxide and sulfone 
derivatives thereof, alkenyl. alkynyl and cycloalkyl radicals and 
amino acid side chains selected from the group consisting of 
asparagine. S-roethyl cysteine and the corresponding sulfoxide and 
sulfone derivatives thereof, glycine, leucine, isoleuclne, aUo- 
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isolcucine, tert-lcucine, alanine, phenylalanine, ornithine, histidine, 
norleucine. glutamine, valine, threonine, allo-threonine, serine, 
aspaitic acid and beta-cyano alanine, side chains; 

R'" and R'' independently represent hydrogen and radicals as defined for R', or 
one of R'' and R'' together with R' and the carbon atoms to which 
they are attached represent a cycloalkyl radical; 

R' represents alkyl, aryl, cycloalkyl, cycloalkylalkyl and aralkyl radicals, which 
radicals are optionally substituted with a substituent selected from 
the group consisting of -NO,, -OR", -SR", and halogen radicals, 
wherein R" rq>rBsents hydrogen and alkyl radicals; 

R' represents hydrogen, alkyl, alkenyl, alkynyl, hydroxyalkyl, alkoxyalkyl, 
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl, 
hcterocycloalkylalkyl. aryl, aralkyl. and heteroaralkyl radicals; 

Y' represents O, S and NR*; 

R* and R* together with the nitrogen atom to which they are bonded represent a 

N-hetcrocyclic moiety; and 
R* represents hydrogen and alkyl radicals. 

Another class of preferred inhibitor compounds of the present invention are 
those represented by the formula: 



(Formula II) 




or a pharmaceutically acceptable salt, prodrug or ester thereof, wherein: 



wo 93/23379 



-6- 



PCT/L'S93/04208 



R- represents radicals as defined for R» and arlkoxycarbonylalkyl aod 
aminocarbonyl radicals wherein said amino group may be mono- or 
disubstituted with substituents selected from alkyl, aryl, aralkyl, 
cycloalkyl, cycloalkylalkyl, heteroaryl, hetcroaralkyl. 
heterocycloalkyl and heterocycloalkyl alkyl radicals; 

t represents either 0 or 1; 

R' represents hydrogen. -CH^SOjNH,. -CO,CH„ -CH,CO,CH„ -C(0)NH„ - 
C(0)NHCH,.-C(0)N(CH,)„-CH,C(0)NHCH,.-CH,C(0)N(CH,),. 
alkyl, thioalkyl and the corresponding sulfoxide and sulfooe 
derivatives thereof, alkenyl. alkynyl and cycloalkyl radicals and 
amino acid side chains selected from the group consisting of 
asparagine, S-methyl cysteine and the corresponding sulfoxide and 
sulfone derivatives thereof, glycine, leucine, isolcucine, aUo- 
isoleucine, tcrt-leucine, alanine, phenylalanine, ornithine, histidine, 
norleucine, glutamine, valine, threonine, allo-threonine, serine, 
aspaitic acid and beta-cyano alanine side chains; 
R' represents alkyl, aiyl, cycloalkyl, cycloalkylalkyl 

and aralkyl radicals, which radicals are optionally 
substituted with a substituent selected from the group 
consistujg of -NO,, -OR", -SR" and halogen 
radicals, wherein R'* represents hydrogen and alkyl 
radicals; 

R» represents hydrogen, alkyl, alkenyl. alkynyl, hydroxyalkyl, alkoxyalkyl, 
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl, 
heterocycloalkylalkyl, aryl, aralkyl, and heteroaialkyl radicals; 

Y' tcpnseaxs O, S and NR'; 

R* and R* together with the nitrogen atom to which they are bonded represent a 

N-betcrocyclic moiety; 
R* represents hydrogen and alkyl radicals; and 
R» and R" represent radicals as defmed for R'. 
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R' represents radicals as defined for and arlkoxycarbonylalkyl and 
aminocaibonyl radicals wherein said amino group may be mono- or 
disubstituted with substituents selected from alkyl, aryl. aralkyl. 
cycloalkyl, cycloalkylalkyl, heteroaryl. heteroaralkyl, 
hetcrocydoalkyl and heterocycloalkyl alkyl radicals; 

t represents cither 0 or 1; 

R« represents hydrogen. -CH,SO,NH„ -CO,CH,. <3I,C0,C3i„ -C(0)NH„ - 
C(0)NHCH„-C(0)N(CH,)„-CH,C(0)NHCH„-C3I,C(0)N(CH,)„ 

alkyl. thioalkyl and the corresponding sulfoxide and sulfone 
derivatives thereof, alkenyl, alkynyl and cycloalkyl radicals and 
amino acid side chains selected from the group consisting of 
asparagine, S-mcthyl cysteine and the corresponding sulfoxide and 
sulfone derivatives thereof, glycine, leucine, isoleucine, allo- 
isoleucine, teit-leucine, alanine, phenylalanine, ornithine, histidine, 
norleucine, glutamine, valine, threonine, allo-threonine, serine, 
aspaitic acid and beta-cyano alanine side chains; 
R» represents alkyl, aiyl, cycloalkyl, cycloalkylalkyl 

and aralkyl radicals, which radicals are optionally 
substituted with a substituent selected from the group 
consisting of -NO,. -OR", -SR", and halogen 
radicals, wherein R" represents hytliogen and alkyl 
radicals; 

R» represents hydrogen, alkyl. alkenyl, alkynyl, hydroxyalkyl, alkoxyalkyl, 
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl, 
heterocycloalkylalkyl, aryl, aralkyl, and heteroaralkyl radicals; 

Y' rqjresents O, S and NR'; 

R* and R* together with the nitrogen atom to which they are bonded represent a 

N-heterocyclic moiety; 
R* represents hydrogen and alkyl radicals; and 
R" and R" represent radicals as defined for R' . 
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Yet another preferred class of compounds of the present invention are those 
represented by the formula: 




(Formula UT) 

or a phannaceutically acceptable salt, prodrug or ester thereof, wherein: 
t r^rescnts either 0 or 1; 

R» represents hydrogen, -CHjSOjNH,, -CO,CH„ -CH,COjCH„ -C(0)NHj, - 
C(0)hHCH3,-C(0)N(CH,)j,-CHjC(0)NHCT,,-CHjC(0)N(CH,)a, 
alkyl, thioalkyl and the corresponding sulfoxide and sulfone 
derivatives thereof, alkenyl, alkynyl and cycloalkyl radicals and 
amino acid side chains selected from the group consisting of 
asparagine, S-methyl cysteine and the corresponding sulfoxide and 
sulfone derivatives thereof, glycine, leucine, isoleucine, allo- 
isoleucine, ten-leucine, alanine, phenylalanine, ornithine, histidine, 
norleucine, glutamine, valine, threonine, allo-threonine, serine, 
aspaxtic acid and beta-cyano alanine side chains; 
represents alkyl, aryl, cycloalkyl, cycloalkylalkyl 

and aralkyl radicals, which radicals are optionaUy 
substituted with a substituent selected from the group 
consisting of -NOj, -OR", -SR", and halogen 
radicals, wherein R* rq)resents hydrogen and alkyl 
radicals; 

R' represents hydrogen, alkyl, alkenyl, alkynyl, hydroxyalkyl, alkoxyalkyl, 
cycloalkylt cycloalkylalkyl, heterocycloalkyl, heteroaryl, 
beterocycloalkylalkyl, aryl, anlkyl, and heteroanlkyi radicals; 

X* represent O, N and C(R'^ where R" r^resents hydrogen and alkyl radicab; 
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Y' and Y" indq)endently rq}reseot O, S and NR ; 

R* and R' logether with the nitrogen atom to which they are bonded represent a 

N-heterocyclic moiety; 
R* iq)resents hydrogen and alky'^ radicals; 

R», R" and R« independenUy represent ladicab as defined for R', or one of R' 
and R* together with one of R" and R" and the caibon atoms to 
which they are attached fonn a cycloalkyl radical; and 

R" and R** independenUy represent radicals as defined for R*. or R" and R** 

together with X' represent cycloalkyl, aiyl, heteiocyclyl and 
heteroaiyl radicals, provided that when X' is O, R** is absent. 
Still another preferred class of compounds of the present invention are those 

represented by the formula: 

R*' Y • R^ 

r.,.(cr''r-)„y''^n\^n''^' 
r' y" r' r* oh R* 



(Formula IV) 



or a pharmaceutically accq)table salt, prodrug or ester thereof, wherein: 

R represents hydrogen, allcyl, alkenyl, cycloalkyl, aryl, aralkyl, aiyloxyalkyl, 

heteroaiyl, heterarylalkyl, heteroaiyloxyalkyl and hydroxyalkyl; 

R' represents radicals defined for R*, or R and R' together with the nitrogen to 
which they are attached form a heterocycloaDcyl or heteroaiyl 
radical; 

n represents 1 or 2; 
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R» represents hydrogen. -CHjSOjNHj. -COjCHj, -CH^COjCH,. -C(0)NHj, - 
C(0)^MCH,,-C(0)N(CHJ),,•CH,C(0)^raCH,.•CHAO)N(CH,^ 
alkyl, thioaUcyl and the corresponding sulfoxide and sulfone 
derivatives thereof, alkenyl, alkynyl and cycloalkyi radicals and 
amino acid side chains selected from the group consisting of 
asparagine, S-methyl cysteine and the corresponding sulfoxide and 
sulfone derivatives thereof, glycine, leucine, isoleucine, alio- 
isoleucine, tert-leucine, alanine, phenylalanine, ornithine, histidine, 
norleucine, glutamine, valine, threonine, aUo-threonine, serine, 
aspartic acid and beta*cyano alanine side chains; 

R^' and R'* indq)endently represent hydrogen and radicals as defined for R*. 

R^ represents alkyl, aryl, cycloalkyi, cycloalkylalkyl and aralkyl radicak, which 
radicals are optionally substituted with a substituent selected from 
the group consisting of -NO3, -0R'^ -SR^\ and halogen radicals, 
wherein R^^ represents hydrogen and alkyl radicals; 

R' represents hydrogen, alkyl, alkenyl, alkynyl, hydroxyalkyl, alkoxyalkyl, 
cycloalkyi, cycloalkylalkyl, heterocycloalkyl, heteroaryl, 
heterocycloalk^'lalkyl, aryl, aralkyl, and heteroaralkyl radicals; 

Y' and Y" independently represent 0, S and NR*; 

R^ and R^ together with the nitrogen atom to which they are bonded represent a 

N-heterocylic moiety; 
R^ and R*' independently represent hydrogen and alkyl radicals. 

As utilized herein, the term *alkyl*, alone or in combination, means a 
straight-chain or branched-chain alkyl radical containing from 1 to about 10, 
preferably from 1 to about 8, carbon atoms. Examples of such radicals include 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tcrt-butyl, pentyl, 
iso-amyl, hexyl, octyl and the like. The term "thioalkyl" means an alkyl radical 
having at least one sulfur atom, wherein alkyl has the significance given above. 
An example of a thioalkyl is -C(CH))^CH). The corresponding sulfoxide and 
sulfone of this thioalkyl are -C(CH,)3S(0)CH, and -C(CH,),S(0)jCH„ 
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respectively. The term "alkenyl", alone or in combination, means a straight-chain 
or branched-chain hydrocarbon radial having one or more double bonds and 
containing from 2 to about 18 carbon atoms preferably from 2 to about 8 carbon 
atoms. Examples of suiuble alkenyl radicals include cthenyl, propcnyi, allyl. 1,4- 
butadienyl and the like. The term "alkynyl", alone or in combination, means a 
straight-chain hydrocarbon radical having one or more triple bonds and containing 
from 2 to about 10 carbon atoms. Examples of alkynl radicals include ethynyl, 
propynyl (propargyl), butynyl and the like. The term "alkoxy", alone or in 
combination, means an alkyl ether radical wherein the term alkyl is as defined 
above. Examples of suitable alkyl ether radicals include mctboxy, ethoxy, n- 
propoxy, isopropoxy, n-butoxy, iso-butoxy, scc-butoxy, tert-butoxy and the like. 
The term "cycloalkyl", alone or in combination, means an alkyl radical which 
contains from about 3 to about 8 carbon atoms and is cyclic. Examples of such 
cycloalkyl radicals include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and 
the like. The term "cycloalkylalkyl' means an alkyl radical as defined above 
which is substituted by a cycloalkyl radical containing from about 3 to about 8, 
preferably from about 3 to about 6, carbon atoms. The term "aryl", alone or in 
combination, means a phenyl or naphthyl radical which optionally carries one or 
more substituents selected from alkyl, alkoxy, halogen, hydroxy, amino, nitro and 
the like, such as phenyl, p-tolyl, 4-methoxyphcnyl, 4-(tcrt-butoxy)phenyl, 4- 
fluorophenyl, 4-chlorophenyl. 4-hydroxyphenyl, i naphthyl, 2-naphthyl, and the 
like. The term "aralkyl", alone or in combiruition, means an alkyl radical as 
defined above in which one hydrogen atom is replaced by an aryl radical as 
defined above, such as benzyl, 2*phenylethyl and the like. The term 'aralkoxy 
carbonyl", alone or in combination, means a radical of the formula -C(0)-0- 
aralkyl in which the term "aralkyl' has the significance given above. An example 
of an aralkoxycarbonyl radical is benryloxycarbonyL The term "aryloxy", alone 
or in combination, means a radical of the formula aryl-O- in which the tenn "aryl" 
has the significance given above. The term 'alkanoyl', alone or in combination, 
means an acyl radical derived from an alkanecarboxylic acid, examples of which 
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include acetyl, propionyl, butyryl, valeryl, 4-mcthylvaleryl, and the like. The 
term "cycloalkylcartxjnyr means an acyl group derived from a monocyclic or 
bridged cycloalkanecarboxylic acid such as cyclopropanecarbonyl, 
cyciohexanecarbonyl, adamantanecaitx)Dyl, and the like, or from a bsnz-fiised 
monocyclic cycloalkanecartwxylic acid which is optionally substituted by, for 
example, aikanoylamino, such as l,2,3,4-tetrahydro-2-naphthoyl, 2-acctamido- 
l,2,3,4-tctrahydn>-2-naphthoyL The term "aralkanoyl" means an acyl radical 
derived from an aiyl-substituted alkanecarboxylic acid such as phenylacetyl, 3- 
phenylpropionyl (hydrocinnamoyl), 4-phenylbutyryl, (2-naphthyl)acetyl, 4- 
chlorohydrocinnamoyl, 4-aminohydrocinnamoyl« 4-methoxyhydxocinnamoyl, and 
the like. The term "aroyl' means an acyl radical derived from an aromatic 
cartx>xylic acid. Examples of such radicals include aromatic carboxylic acids, an 
optionally substituted benzoic or naphthoic acid such as benzoyl, 4-chlorobenzoyl, 
4-caiboxybenzoyl, 4-(benzyloxycaitK)nyI)benzoyl, 1-naphthoyI, 2-naphtboyl, 6- 
caiboxy-2-naphihoyl, 6-(benzyloxycaibonyI)-2-naphthoyl, 3-beozyk)xy-2-naphthoyl, 
3-hydroxy-2-naphthoyl, 3-(benzyloxyfonnamido)-2-naphthoyl, and the like. The 
heterocyclyl or heterocycloalkyl portion of a heterocyclylcarbonyl, 
heterocyclyloxycaibonyl, heterocyclylalkoxycarbonyl, or heterocyclylalkyl group 
or the like is a saturated or partially unsaturated monocyclic, bicyclic or tricyclic 
heterocycle which contains one or more hetero atoms selected from nitrogen, 
oxygen and sulphur, which is optionally substituted o-: one or more carbon atoms 
by halogen, alkyl, alkoxy, oxo, and the like, and/or on a secondary nitrogen atom 
(i.e., -NH-) by alkyl, aralkoxycarbonyl, alkanoyl, phenyl or phenylalkyl or on a 
tertiary nitrogen atom (i.e. N-) by oxido and which is attached via a carbon 
atom. The hctcroaiyl portion of a hetcroaroyl, b'-teroaiyloxycaibonyl, or 
hetcrcaralkoxycarbonyl group or the like is an aromatic monocyclic, bicyclic, or 
tricyclic heterocyle which contains the hetero atoms and is optionally substituted 
as defmed above with respect to the defmition of heterocyclyl. Examples of such 
heterocyclyl and heteroaryl groups are pyrrolidinyl, piperidinyl, pq>erazinyl, 
moipholinyl, thiamotpholinyl, pyrrolyU imidazolyl (e.g., imidazol 4*yl, 1- 
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bcnzyloxycaibonylimidazoM-yl. etc.). pymzolyl. pyridyl. pyrazinyl. pyrimidinyl. 
furyl. thienyl. triazolyl. oxazolyl, thiazolyl, indolyl (e.g.. 2-indolyl. etc.). 
quinolinyl (e.g.. 2-quinolinyl. 3.quinolinyl. l.oxido.2-quinoUnyl. etc.). 
isoquinolinyl (e.g.. 1-isoquinolinyl. 3-isoquinoiinyl. etc.). tetnhydnxiuinolinyl 
(e.g.. i,2,3.4-tetnihydio-2-qumolinyl,etc.). l,2.3.4.tetiahydn)isoquinolinyl(e.g.. 
1.2.3.4-tltrahydn>-l-oxo-isoquinolinyl, etc.). quinoxalinyl, ^-caibolinyl, 2- 
ten«)'funincaibonyl. 1-. 2-. 4- or S-benzimidazolyl. and the like. THe tem 
■cycloalkylalkoxycarbonyr means an acyl group derived from a 
cycloalkylalkoxycaiboxyUc acid of the formula cycloalkylalkyl-O-COOH wherein 
cycloilkylalkyl has the significance given above. The term 'aryloxyalkanoyl" 
means an acyl radical of the formula aryl-O-alkanoyl wherein aryl and alkanoyl 
have the significance given above. The term "heteiocyclylalkanoyl- is an acyl 
radical derived from a hetetocyclyl-substituted alkane carboxyUc acid wherein 
heterocyclyl has the significance given above. The term 
-hetciocydyloxycaibonyr means an acyl group derived from heterocyclyl-0- 
COOH wherein heterocyclyl is as defined above. The term 'hetcrocyclylalkanoyr 
means an acyl radical of the formula aryl-O-alkanoyl wherein aryl and alkanoyl 
have the significance given above. The tcnn -hetetocyclylalkoxycaibonyl" means 
an acyl radical derived from hetciocyclyl-substituted alkane-O-COOH wherein 
heterocyclyl has the significance given above. The term "hetcroaryloxycaibonyr 
means an acyl radical derived from a caiboxyUc aci J. represented by hetcraryl-O- 
COOH wherein heteroaryl has the significance given above. The term 
•aminocarbonyr alone or in combination, means an amino-substituted caxbonyl 
(cart>amoyl) gioup derived from an amino-substituted caiboxylic acid wherein the 
amino group can be a primary, secondary or tertiary amino group containing 
substituents selected from hydrogen, and alkyl. aryl. aialkyl. cycloalkyl. 
cycloalkylalkyl radicals and the like. The term -aminoalkanoyr means an acyl 
radical derived from an amino substituted alkanecaiboxyUc acid wherein the amino 
group can be a primary, secondary or tertiary amino group containing substituenu 
selected from the group consisting of hydrogen cycloalkyl, cycloalkylalkyl ndicals 



wo 93/23379 



- 13- 



PCT/US93/04208 



and the like, examples f which include N. N-dimethylaminoacetyl and N- 
benzylaminoacctyL The icrm "halogen" means fluorine, chlorine, bromine or 
iodine. The term "leaving group" generally refers to groups readily displaccable 
by a nucleophile, such as an amine, a thiol or an alcohol nucleophile. Such 
leaving groups are well known and include carboxylaies, N-hydroxysuccinimidc, 
N-hydroxybenzotriazole, halides, triflatcs, tosylatcs, -OR and -SR and the like- 
Preferred leaving groups are indicated herein where appropriate. The term "N- 
heteiocyclic moiety" is a heterocyclic radical with a nitrogen radical bond site 
which may be a heterocycloalkyl or hcteroaryl, wherein heterocycloalkyl and 
heteraryl have the significance given above, with the addition that polycyclic 
hcteroaryl may be fiilly aromatic or partially aromatic, for example, a fused 
heterocycloalkylaryl and a fused heteroarylcycloalkyl, and the heterocycloalkyl and 
cycloalkyl may also be bridged. Preferably, the N-heterocyclic moiety has S, 6 
or 7 members when monocyclic; 5, 6 or 7 members in a ring with 1, 2 or 3 
members in a bridge when a bridged monocyclic; 11, 12 or 13 members when 
bicyclic; and 11 to 16 members when tricyclic. 

Examples of N-heterocyclic moieties include, but are not limited to, those 
represented by the following formulas: 




(A) (B) (C) 
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(0) 
(CH,), 



(CH,), 





(CM,),> 

R' 

(F) 



o 




(G) 



(H) 



(J) 



wherein: 



represents hydrogen, alkyl. alkoxycarbonyl, monoalkylcarbamoyl. 
loatalkylcaibamoyl, monoaiylcaibamoyl ur a group of the formula: 



moo 



H 0 



0 r'° h 



m 
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IS 



wherein and R" each represents alkyl; 

R« represents hydrogen, hydroxy, alkoxycaibonylamino or acylamino; 
R» represents hydrogen, alkyl, aryl, alkoxycaibonyl or acyl; 
mul,2, 3, or4; 
p is I or 2; and 
q is 0, 1 or 2. 

Procedures for preparing the compounds of Fonnulas MV are set forth 
below. It should be noted that the general procedure is shown as it relates to 
pieparation of compounds having the specified siereochcmistty, for example, 
wherein the stereochemistry about the hydroxyl group is designated as (R). 
However, such procedui«s are generally appUcable to those compounds of opposite 
configuiation, e.g., where the stereochemistry about the hydroxyl group is (S). 
nie terms (R) and (S) configuration are as defmed by the lUPAC 1974 
Recommendations for Section E, Fundamental Stereochemistry, Pure Appl. Cbem. 
(1976) 4i, 13-30. 

Prq^rp*'"" comooimds of Foimula I 
The compounds of the present invention represented by Formula I above 
can be picpaied utilizing the following general procedure. An N-protected 
haloketone derivative of an amino acid having the formub: 
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wherein P represents an amino protecting group. is as defined above and Z 
represents a chlorine, bromine or iodine atom, is reduced to the corresponding 
alcohol utilizing an appropriate reducing agent. Suitable amino protecting groups 
are weU known in the art and include caibobenzoxy. butyryl. t-butoxycaibonyl. 
acetyl, benzoyl and the like. Preferred amino protecting groups are caibobcnzoxy 
and i-butoxycarbonyl. A preferred N-protected halokctone is N- 
benzyloxycaibonyl-L-phenylalanine chloromethyl ketone. A preferred reducing 
agent is sodium borohydride. THe reduction reaction is conducted at a temperature 

of from -lO'C to about 25«C. preferably at about O'C, in a suitable solvent 

system such as, for example, tetrahydrofiiian, and the like. Hie N-protected 

haloketones are commercially available from Bachem, Inc., Tortance, California. 

Alternatively, the haloketones can be prepared by the procedure set forth in S. J. 

Fittkau, J. Praki. Chem., 315, 1037 (1973). and subsequenUy N-protected utilizing 

prtxxdures which are well known in the art. 

The resulting alcohol is then reacted, preferably at room temperamre. with 

a suitable base in a suitable solvent system to produce an N-protected amino 

epoxide of the formula: 



wherein P and R' are as defined above. Suitoble solvent systems for preparing the 
amino epoxide include methanol, ethanol. isopropanol, tetiahydrofuran, dioxane, 
and the like including mixtures thereof. Suitable bases for producing the epoxide 
from the reduced haloketone include potassium hydroxide, sodium hydroxide, 
potassium t-butoxide, DBU and the like. A preferred base is potassium hydroxide. 
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Alternatively, a protected amino qwxide can be preparsd starting with an 
L-amino acid which is reacted with a suitable amino- and caiboxyl-protecting 
groups in a suitable solvent to produce an amino-protected L-amino acid ester of 
the formula: 

0 



wherein P' and independently represent hydrogen and amino-protecting groups 
as defined above with respect to P, provided that P^ and P' are not both hydrogen; 
P* represents hydrogen and a caiboxy-protecting group, preferably one which is 
also an amino-protecting group as defined above with respect to P; and is as 
defined above. 

The amino-protected L-amino acid ester is then reduced, to the 
corresponding alcohol. For example, the amino-protected L-amino acid ester can 
be reduced with diisobutylaluminum hydride at -7g*C in a suiuble solvent such 
as toluene. The resulting alcohol is then converted, b;; way of a Swem Oxidation, 
to the corresponding aldehyde of the formula: 

p2 0 
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wherein P\ and are as defined above. Thus, a dichloromethanc solution f 
the alcohol is added to a cooled (-75 to -68*C) solution of oxalyl chloride in 
dichloiDmethane and DMSO in dichloromethane and stirred for 35 minutes. 

The aldehyde resulting from the Swera Oxidation is then reacted with a 
halomcthyllithium reagent, which reagent is generated in jia by reacting an 
aUcyllithium or aiyllithium compound with a dihalomethane rq)resented by the 
formula X'CHpC^ wherein and X* indepcndenUy represent I, Br or CL For 
example, a solution of the aldehyde and chloroiodomethane in THF is cooled to - 
78 ''C and a solution of n-butyllithium in hexane is added. The resulting product 
is a mixture of diastereomers of the corresponding amino-protected qwxides of the 
formulas: 




The diastereomen can be separated by chromatography or, alternatively, once 
reacted in subsequent stq>s the distereomeric products can be sqxuated. 

The amino qx)xide is then reacted, in a suitable solvent system, with an 
equal amount, of the formula: 

wherein and are as deflned above. The reaction can be conducted over a 
wide range of temperatures, e.g., from about 60*C lo about 120*C in an inert 
organic solvent, but is preferably, but not necessarily, conducted at a temperature 
at which the solvent begins to reflux. Suitable solvent systems include those 
wherein the solvent is an alcohol, such as methanol, ethanol, isc9>ropanol, and the 
like, ethers such as tetrabydrofuran, dioxane and the like, toluene, N»N* 
dimethylformamide, dimethyl sulfoxide, and mbctures thereof. A preferred solvent 
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is isopropanol. Examples of amines conesponding to the formula HNFfR* 
those having the following fonnula: 




wherein: 

R*, R'^ R", R", R"f m, p and q have the significance given above, and the like. 
The ttsulting product is a 3-(N-protected amino)-3-(R')-l-(NR*R»)-propan-2-ol 
derivative (hereinafter lefentd to as an amino alcohol) is an intermediate which 
contains the desired N-hcterocycUc moiety or intermediate thereof and can be 
represented by the formula: 
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wherein P'. P». R'. R* and R» are as described above. 

Alternatively, the compounds of the present invention represented by 
Formula I above can be prepared utilizing the following general procedure. An 
N-protectcd haloketone derivative of an amino acid having the formula: 



wherein P' and P* represent amino protecting groups, R' is as defmed above, and 
Z represents a chlorine, bromine or iodine atom, is reacted, in a suitable inert 
organic solvent system, with an equal amount, of a desired amine of the formula: 

HNR*R* 



wherein R* and R* are as defmed above. Hie reaction yields a compound of the 
geneial formula: 



(Fonnula V) 



n 2 n O * 



wherein P' P^. R\ R* and have the significance given cariier. 
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The reaction Of the N-protected haloketon derivative of an amin acid, 
preferably one in which P' and P» represent benzyloxy caibonyl. with the desired 
amine, a heterocycUc compound of formula HNR*R'. can be earned out m any 
icnown manner, for example, in an inert or^c solvent such as halogenated 
aliphatic hydrocarbon (e.g. dichloromethane. N.N-dimethylfonnamide. 
tetrahydrofuian. isopiopanol and ethanol) and in the presence of a base (e.g. a 
trialkylamine such as triethylamine and diisopropylethyl amine, sodium 
bicarbonate, DBU and the like). convenienUy at about room temperature. 

n,e reduction of the aminoketone compound of Formula V results m a 
compound of the general formula: 



(FORMULA VI) J,2 J* 



wherein P\ P*, R', R* ^ ^ave the significance given earlier. The reduction 
of the aminoketoiie compound of Formula V to the N-heterocycUc moiety- 
containing derivative (Formula VT) can be carried out according to known methods 
for the reduction of a caibonyl group to a hydroxy group. THus. for example, the 
reduction can be carried out using a complex metal hydride such as an alkali metal 
borohydride. especiaUy sodium borohydride. in an appropriate organic solvent such 
as alkanol (e.g. methanol, ethanol, propanol, isopropanol etc.). Conveniendy, the 
reduction is carried out at about room temperature. 

FoUowing preparation of the N-heterocycUc moiety-containing derivative, 
the amino protecting group P is. or P> and P» are, removed under conditions which 
will not affect die remaining portion of ti« molecule. Tl^se methods are weU 
known in die art and include acid hydrolysis, hydrogenolysis aid the like. A 
preferred method involves removal of the protecting group, e.g.. removal of a 
carbobenzoxy group, by hydrogenolysis utilizing palladium on caibon in a suitable 
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solvent system such as an alcohol, acetic acid, and the like or mixtuits theirof. 
Where the protecting group is N.N-dibenzyl. these groups may be removed by 
hydrogenolysis utilizing palladium on caibon. Where the protecting group is a t- 
butoxycaibonyl group, it can be removed utilizing an inorganic or organic acid. 
e.g., HCl or trifluoroacetic acid, in a suitable solvent system, e.g., dioxane or 
methylene chloride. The resulting product is the amine salt derivative. FoUowing 
neutralization of the salt, the amine is then reacted with an amino acid or 
corresponding derivative thereof represented by the formula 
(PNH[CR' R'*lCH(R')COOH) wherein R', R'' and R'* are as dcfmed above, to 
produce the antiviral compounds of the present invention having the foimuU: 




wherein P, R', R'", R''. R'. R* and R* are as defined above. Preferred protecting 
groups in this instance are a benzyloxycarbonyl group or a t-butoxycaibonyl group. 
Where the amine is reacted with a deiivative of an ciuino acid and R'' and R'* are 
both hydrogen, so that the amino acid is a ^-amino acid, such ^-amino acids can 
be prepared according to the procedure set forth in copending appUcations. U.S. 
Serial No. 07/836,163 (Method of Preparing Optically Active ^-Amino Acids; 
fUed February 14, 1992; Docket No. 07.2l(855)A) (a continuation of U.S.S.N. 
07n06,508, now abandoned, which is a continuation of U.S.S.N. 07/345,808, 
now abandoned). Where one of R'" and R'* is hydrogen and R» is hydrogen so that 
the amino acid is a homo-/3-amino acid, such homo-^-amino acids can be prepared 
according to the procedure set forth in copending appUcation, U. S. Serial No. 
07/853.561 (Method of Preparing Optically Active Homo-^-Amino Acids; fUed 
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; Docket No. 07-21(722)A). The process thereof preserves the chirality of 

the starting succinates. The method thereof involves Curtis learrangemcnt of 
chiral 3-mono-substituted succinates (succinic acid half ester) of sufficient purity 
to exhibit optical activity. The Cunis reanangement is preferably effected by 
treating a chiral 3-raono-substituted succinate with one equivalent of 
diphenoxyphosphoryl azide (PhO),PON, and triethylamine to form an acyl azide 
followed by heating in an inert solvent, vich as wann toluene, preferably at about 
80'C for about three hours to afford an isocyanate derivative which is 
subsequenay hydrolyzed to give amines. The 3-mono-sub$titoted succinates can 
be prepared by a procedure analogous to that described in U.S. 4,939,288, fded 
January 23, 1989, which is hereby incorporated by reference. 

The N-protecting group can be subsequently removed, if desired, utilizing 
the prrxxdures described above, and then reacted with a cazboxylate represented 
by the formula: 



0 




wherein R is as deflned above and L is an appropriAte leaving group such as a 
halide. Examples of such carboxylatcs include acctylchloride, phenoxyacetyl 
chloride, benzoyl chloride, 2-napbthyloxy carbonyl chloride, and 2-benzofuran 
carbonyl chloride. A solution of the free amine (or amine acetate salt) and about 
1.0 equivalent of the caiboxylate are mixed in an a^jpropriaic solvent system and 
optionally treated with up to five equivalents of a base such as, for example, N- 
methylmorpholine, at about room temperature. Appropriate solvent systems 
include tetxahydrofiiran, methylene chloride or N,N<dimethylformainide, and the 
like, including mixtures thereof. 
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Alternatively, a sulfonyl-containing compound rrpiescnted by the fonnula: 

0 0 0 .0 



S ^ / \ 



wheicin R is as defmed above and L is an appiopriate leaving group such as halide 
may be substituted for tiie afore-mentioned caiboxylate. 
riTTTiinitm" f-otnnnund^ of FOIlTlUla P 

A meicaptan of tfie fonnula R'SH is reacted witii a substituted mcthaciyUte 

of the fonnuU: 



R 



R 

2 




by way of a Michael Addition. Hie Michael Addition is conducted in a suitable 
solvent and in the presence of a suitable base, to produce the corresponding thiol 
derivative represented by the fonnula: 
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wherein and R' represent radicals defined above; R* and R^' represent 
hydrogen and radicals as defined for R^; and R° rtprtsenu alkyK aryi or anlkyl, 
preferably R" is methyl, ethyl, t-butyl or benzyl. Suiuble solvenu in which the 
Michael Addition can be conducted include alcohols such as, for example, 
methanol, etbanol, butanol and the like, as well as ethers, e.g., THF, and 
acetonitrile, DMF, DMSO, and the like, including mixtures thereof. Suitable 
bases include Group I metal alkoxides such as, for example sodium methoxide, 
sodium ethoxide, sodium butoxide and the like as well as Group I metal hydrides, 
such as sodium hydride, including mixtures thereof. 

The thiol derivative is converted into the corresponding sulfone of the 
formula: 



by oxidizing the thiol derivative with a suitable oxidation agent in a suitable 
solvent. Suitable oxidation agents include, for exa^vi'.ple, hydrogen peroxide, 
sodium meta -perborate. oxone (potassium peroxy monosulfate), meta - 
chloroperoxybenzoic acid, and the Uke, including mixtures thereof. Suitable 
solvents include acetic acid (for sodium msta-perborate) and, for other peracids, 
ethers such as THF and dioxane, and acetonitrile, DMF and the like, including 
mixnires thereof. 
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The sulfonc is then converted to the corresponding free acid of the fonnula: 



utilizing a suitable base, e.g., lithiuai hydroxide, sodium hydroxide, and the like, 
including mixtures thereof, in a suitable solvent, such as, for example, THF, 
acetonitrile. DMF. DMSO, methylene chloride and the like, including mixtures 
thereof. When R° is benzyl, the free acid may be obtained by hydrogeoolysis 
over palladium on caibon. 

The free acid is then coupled, utilizing, as described above, procedures 
well known in the an, to the N-heterocyclic moiety-sontaining derivative of an 
amino alcohol which is described above for the prqnration of compounds of 
Formula I. The resulting product is a compound represented by Formula n. 

Alternatively, one can couple the N-heterocyclic moiety-containing 
derivative to the commercially available acid, 




0 



0 




CHj 
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remove the thioacetyl group with a suitable base, such as hydroxide, or an amine, 
or ammonia, and then react the resulting thiol with an alkylating agent, such as an 
alkyl haiide, tosylate or mesylate to afford compounds at the following structure: 




The sulfur can then be oxidized to the corresponding sulfone using suitable 
oxidizing agents, as described above, to afford the desired compounds of the 
following structure: 




Alternatively, to prepare compounds of Formula n, a substituted 
methacrylate of the formula: 
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wherein L represents a leaving group as previously defined, R" and R" represent 
hydrogen and radicals as defined for R'; and R" represents alkyl. aialkyl. 
cycloalkyl and cycloalkylalkyl radicals, is reacted with a suitable sulfonating agent, 
such as. for example, a sulfinic acid represented by the foimuU R'SO^. wherein 
R' itspresents radicals as defined above and M represents a metal adapted to fonn 
a salt of the acid, e.g.. sodium, to produce the corresponding sulfone represented 
by the formula: 



wherein R*. R", R'* and R" are as defined above. The sulfone is then hydrolyzed 
in the presence of a suitable base, such as Uthium hydroxide, sodium hydroxide 
and the like, to the compound rq)resented by the fomula: 





wherein R', R" and R" represent radicals as defined above. The resulting 
compound is then asymmetricaUy hydrogenated utilizing an asymmetric 
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hydrogenation catalyst such as, for example, a nitbeaium-BINAP complex, to 
produce the reduced product, substantially enriched in the more active isomer, 
represented by the formula: 



wherein R*, R^^ and represent radicals as deftned above. Where the more 
active isomer has the R-stereocbemistry, a Ru(R-BINAP) asymmetric 
hydrogenation catalyst can be utilized. Conversely, where the more active isomer 
has the S-stereochemistiy, a Ru(S*BINAP) cataylst can be utilized. Where both 
isomers are active, or where it is desired to have a mixture of the two 
diastereomers, a hydrogenation catalyst such as platinum, or palladium, on cartx)n 
can be utilized to reduce the above compound. The reduced compound is then 
coupled to the N*heterocyclic moiety-containing derivative, as described above, to 
produce compounds of Formula n. 

Alternatively, one can prepare the preferred 2(S)-metbyl-3- 
(methylsulfonyl)propionic acid according to the scheme outlined below starting 
from commercially available I>-(-)-S-benzyoyl-]2sta*ineicaptoisobutyric acid text - 
butyl ester. Treatment of I>-(-)-S-benzyoyl-]j6ia.mercaptoisobutyric acid isfl-butyl 
ester with a methanolic anunonia solution resulted in the formation of D-M -beta - 
mercaptoisobutyric acid tsil-butyl ester and benzamide. The fttc meicaptan thus 
produced was freed from the benzamide by filtration and then fiiitber purified by 
crystallization. Treatment of I>-(-)-l2fi3-inercaptoisobutyric acid tert*butyl ester 
with methyl iodide in the presence of a suitable base such as 1,8- 
diazabicyclo[S.4.0]undec-7-ene (DBU) results in the formation of the 



0 
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correspondingthioedjerS-meU»yl.D.(0-^-mercaptoisobutyricaca 
in exceUent yield. Tht thiocther U then oxidized with a suitable oxidant such as 
sodium meuperborate in acetic acid to give the conesponding sulfone. 
Specifically, S-methyl-D-(-)-^-mercaptoisobutyric acid fias-butyl ester is treated 
with sodium perborate in acetic acid to produce 2(S)-methyl-3- 
(methylsulfonyDpropionic acid tefl-butyl ester in excellent yield. The icH-butyl 
ester can then selectively removed by treatment with 4N hydrochloric acid in 
dioxane to produce 2(S)-methyI-3-(methylsulfonyl)propionic acid as a crystalline 
acid in veiy good yield. It is envisioned that variations of the sulfur and 
caxboxylate protecting groups would be acceptable for pitparalion of 2(S)-methyl- 
3-(methylsulfonyl)propionic acid and analogs. 



H« I /OIU 





V 



0 0 CH, 



4N HC I 
0 lOXAMt ^ 




Preparation of ll^nmpnnnds of Fomula ID 

To produce compounds of Fonnula m, starting with a lactate of the 

formula: 
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OH 



P"0 



0 



wherein P" iq)resents alkyl and aialkyl radicals, such as, for example, ethyl, 
methyl, benzyl and the like. Hie hydroxyl group of the lactate is protected as its 
ketal by reaction in a suitable solvent system with methyl isoprc^ienyl ether (1,2- 
methoxypropene) in the presence of a suitable acid. Suitable solvent systems 
include methylene chloride, tetrahydrofiiran and the like as well as mixtures 
thereof. Suitable acids include POCli and the like. It should be noted that well- 
known groups other than methyl isopropenyl ether can be utilized to form the 
ketal. The ketal is then reduced with diisobutylaluminum hydride (DIBAL) at 
-Tg'^C to produce the corresponding aldehyde which is then treated with ethylidene 
triphenylphospborane (Wittig reaction) to produce a compound represented by the 
formula: 



The ketal protecting group is then removed utilizing procedures well-known 
in the ait such as by mild acid hydrolysis. The resulting compound is then 
esterified with isobutyryl chloride to produce a compound of the formula: 




0 "OCHj 
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0 




Ibis compound is then treated with Uthium diisopropyl amide at -78*C 
foUowed by wanning of the reaction mixture to room temperature to effect a 
Claisen rearrangement ([3,3]) to produce the corresponding acid represented by the 
formula: 




Treatment of the acid with benzyl bromide (BnBr) in the presence of a 
tertiary amine base, e.g., DBU, produces the ccrrssponding ester which is then 
cleaved oxidatively to give a trisubstituted succinic acid: 



HO 



0 

0 
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The trisubstituted succinic acid is theo coupled to the N-heterocyclic 
moiety-containing derivative as described above. To produce the free acid» the 
benzyl ester is removed by hydrogenolysis to produce the corre^oding acid. The 
acid can then be converted to the primary amide by methods well-kno:vn in the an. 

An alternative method for preparing trisubstituted succinic acids involves 
reacting an ester of acetoacetic acid rq)resented by the formula: 



where R is a suitable protecting group, such as methyl, ethyl, benzyl or t*butyl 
with sodium hydride and a hydrocarbyl halide (R'^X or R'^ in a suitable solvent, 
e.g., THF, to produce the corresponding disubstimted derivative represented by 
the formula: 



This disubstituted acetoacetic acid derivative is then treated with lithium 
diisopropyl amide at about -10*C and in the presence of PhN(tiiflate)] to produce 
a vinyl triflate of the formula: 
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The vinyl tiiflate is then caiiwnylated utilizing a palladium catalyst, e.g., 
Pd(OAc),(Ph,)P, in the presence of an alcohol (R"OH) or water (R"=H) and a 
base, e.g., tricthylamine, in a suitable solvent such as DMF, to produce the 
olefinic ester or acid of the formula: 




The olefin can then be subsequently asymmetrically hydrogenated, as described 
above, to produce a trisubstituted succinic acid derivative of the formula: 




0 CHj 



If R* is not H, R* can be removed by either hydroly^, aeidoly^, or 
hydrogenolysis, to afford the corresponding acid, which is then coupled to (he N- 
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heterocyclic moiety-containing derivative as described above and then, optionally, 
the R group removed to produce the corresponding acid, and q)tionally, converted 
to the amide. 

Alternatively, one can reacC the N-hetcrocyclic moicty-containi^ig derivative 
with either a suitably monoprotected succinic acid or glutaric acid of the following 
structures; 




followed by removal of the protecting group and conversion of the resulting acid 
to an amide. One can also react an anhydride of the following structure: 

0 



R 




with the N-beterocycIic moiety-containing derivative and then separate any isomers 
or convert the resulting acid to an amide and then separate any isomen. 
Preparation of Compounds of Formuta IV 

The preparation of compounds of the present invention represented by 
Formula TV above can be prqxued utilizing the general procedure for the 
pr^aration of compounds of the present invention rq>resented by Formula I 
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through the preparation of the N-heteiocycUc moiety-containing derivative, which 
is hereby incoiporated by reference. 

FoUowing preparation of the N-heterocycUc moiety-containing derivative, 
the amino protecting group P is, or P* and P* are, removed under conditions which 
will not affect the remaining poition of the molecule. These methods are well 
known in the art and include acid hydrolysis, hydrogenolysis and the like. A 
prefened method involves removal of the protecting group, e.g., removal of a 
catbobenzoxy group, by hydrogenolysis utilizing palladium on caibon in a suitable 
solvent system such as an alcohol, acetic acid, and the like or mixtures thereof. 
Where the protecting group is N, N-dibenzyl, these groups may be removed by 
hydrogenolysis utilizing palladium on caibon. Where the protecting group is a t- 
butoxycaibonyl group, it can be removed utilizing an inoiganic or organic acid, 
e.g., HCl or trifluoroacetic acid, in a suitable solvent system, e.g., dioxane or 
methylene chloride. The resulting product is the amine salt derivative. Following 
neutralization of the salt, the amine is then reacted with an acylated amino acid or 
corresponding analog or derivative thereof represented by the formula: 



wherein P, R', R'', R'*, R*', Y' and V are as defined above, to produce the 
antiviial compounds of the present invention having the fonnula: 
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P. ^(CR' r' 



Vt.nl u ftUO* 



R*' Y • 



H 



Y" R' H OH R 



wherein P, R\ R' , R', R\ R'. R'\ Y' and V are as defined above. 



Preferred protecting groups in this instance are a benzyloxycaibonyl group or a t- 
butoxycaibonyl group. 

The N-protecting group can be subsequently removed, if desired, utilizing 
the procedures described above, and then reacted with a carboxylate rq)resented 
by the formula: 



wherein R is as defined above and L is an appropriate leaving group such as a 
balide. Examples of such carboxylates include acetylchloride, phenoxyacetyl 
chloride, benzoyl chloride, 2-naphthyloxy caibonyl chloride, and 2-benzofuran 
carbonyl chloride. A solution of the free amine (or arr ive acetate salt) and about 
1.0 equivalent of the carboxylate are mixed in an apprc/priate solvent system and 
optionally treated with up to five equivalents of a base such as, for example, N- 
methylmorpholine, at about room temperature. Appropriate solvent systems 
include tetrahydrofuran, methylene chloride or N,N-dimethylformamide, and the 
like, including mixtures thereof. 

Alternatively, a sulfonyl-containing compound represented by the formula: 



0 





0 r 




wo 93/23379 



-38- 



PCT/L'S93/04208 



wherein R is as defined above and L is an appropriate leaving group such as haHdc 
may be subsUtuted for the afore-mentioned caiboxylate. 

It is contempUted that for preparing compounds of the Ponnulas having 
being other than hydrogen, the compounds can be prepared following the 
procedure set forth above and. prior to coupling the N-hcterocycUc moiety- 
containing derivative to the respective acid, the derivative carried through a 
procedure referred to in the art as reductive amination. TTius, a sodium 
cyanoborohydride and an appropriate aldehyde, such as formaldehyde, 
acetaldehyde and the like, can be reacted with the N-hetcrocycUc moiety- 
containing derivative compound at room temperature in order to reductively 
aminate any of the compounds of Formulas I-IV. 

Contemplated equivalents of the respective general formulas set forth above 
for the antiviral compounds and derivatives as weU as the intermediates are 
compounds otherwise corresponding thereto and having the same general properties 
wherein one or more of the various R groups are simple variations of the 
substituents as defined therein, e.g.. wherein R is a higher allcyl group than that 
indicated. In addition, where a substituent is designated as, or can be, a hydrogen, 
the exact chemical nature of a substituent which is other than hydrogen at that 
position, e.g., a hydrocaibyl radical or a halogen, hydroxy, amino and the like 
functional group, is not critical so long as it does not adversely affect the overaU 
activity and/or synthesis procedure. 

The chemical reactions described above arc generally disclosed in terms of 
tiieir broadest application to the preparation of the compounds of tiiis invention. 
Occasionally, the reactions may not be appUcable as described to each compound 
included within the disclosed scope. Tht compounds for which this occurs will 
be readUy recognized by those skilled in the art. In all such cases, either the 
reactions can be successfuUy performed by conventional modifications known to 
tiiose skiUed in the art, e.g., by appropriate protection of interfering groups, by 
changing to alternative conventional reagents, by routine modification of reaction 
conditions, and the like, or other reactions disclosed herein or otherwise 
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convent! nal, will be applicable to the preparation of the corre^nding compounds 
of this invention. In all preparative methods, all starting materials are known or 
readily prcparable from known starting materials. 

Without fuither elabondon, it is believed that one skilled in the art can, 
using the preceding description, utilize the present invention to its fullest extent 
The following preferred specific embodiments are, therefore, to be oonstnied as 
merely illustrative, and not limitative of the remainder of the disclosure in any way 
whatsoever. 

In the following examples, melting points were determined on a Fisher- 
Johns melting point apparatus and are uncorrected. All reagents were used as 
received without purification. All proton and carbon NMR ^>ectra were obtained 
on either a Varian VXR-300 or VXR-400 nuclear magnetic resonance qwctrometer 
using tetramethysilane as internal standard. Gas chromatograph was performed on 
a Varian 3400 chromatography system. All instruments were utilized according 
to the manufacturer's directions. 



Example 1: Preparation of N-Benzyloxycarbonyl-3(S)-amino*l,2(S)-epoxy-4- 
pbenylbutane. 



EXA MP LES 




0 
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TO a solution of 75 .Og (0.226 mol) of N-benzyloxycarbonyl-L- 
phenylalanine chloiomethyl ketone in a mixture of 807 mL of methanol and 807 
mL of tetiahydiofuian at -2-C. v.as added 13.17g (0.348 mol. 1.54 equiv.) of 
soUd sodium boiohydride over one hundred minutes. The solvents were removed 
in_jai3ifl at 40-C and the residue dissolved in ethyl acetate (appiox. IL). TTie 
solution was washed sequentially with IM potassium hydrogen sulfeie. samiated 
sodium bicarbonate and then samiated sodimn chloride solutions. After drying 
over anhydrous magnesium sulfate and fUtering. the solution was removed io 
vasafi. To the resulting oU was added hexane (approx. IL) and the mixture 
warmed to 60'C with swirling. After cooling to room temperrture. the solids 
were coUected and washed with 2L of hexane. Tlie resulting soUd was 
rccrystallired from hot ethyl acetate and hexane to afford 32.3g (43* yield) of N- 
benzyloxycarbonyl-3(S)-aimno-l-chlorcH4-phcnyl.2(S)-butanol,mpl50-i.l*Cr^^ 

M+Li* = 340. formula: 




To a solution of 6.52g (0.116 mol. 1.2 equiv.) of potassium hydroxide in 
968 mL of absolute cthanol at room temperamre, was added 32.3g (0.097 mol) of 
N-CBZ.3(S)-amino-l-chloro-4-phenyl-2(S)-butanol, wherein CBZ stands for 
benzyloxycarbonyl. After stirring for fifteen minutes, the solvent was removed in 
xaoiS and the solids dissolved in methylene chloride. After washing with water, 
drying over magnesium sulfate (MgSO*), fUtering and stripping, one obtains 27.9g 
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of a white solid. Recrystallization from hot ethyl acetate and bexane afforded 
22. 3g (77% yield) of N-bcnzyloxycarbonyl-3(S)-ainino-l,2(S)-epoxy-4- 
phcnylbutanc. mp 102-103 and MH* 298; fonnula: 




Example 2: Preparation of carbamic acid, [3-[3-[[(l, 1- 
dimethylethyl)amino]carbonyllocUhydro-2(lH)-isoquinolinyl)-2-hydroxy-l- 
(phenylmethyl)propyl]-, phcnylmethyl ester, (3S-[2(1R*,2S*), 3o,4 a^, 8 a^J]]-. 
Also known as carbamic acid, [3-[3-[[(l,l- 
dimethylethyl)amino]carbonyl]decahydro-isoquinoliayl]-2-bydroxy-l- 
(phenylmethyl)propyl]-, phcnylmethyl ester, (3S-[2(1R*,2S*), 3a.4 a)5, 8 affl]-. 




Part A: 

L-tetrahydroisoquinoline-2-carboxylic acid (24.83g, 0.140 mol) was 
suspended in a solution of 80 mL of 2.5 N sodium hydroxide, 80 mL of water, 
and 80 mL of tetiahydrofiiran. To this was added whh vigourous stirring, 32.0g 
(0. 147 mol) of teit-butylpyrocarfoonate in 20 mL of tetrahydrofuian. After 1 hour 
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the pH dropped from 13 to 8.2, at pH = 7.8 sodium hydroxide (2.5 N) was added 
dropwise to maintain a pH of 8.8. After the pH stabilized, the contents were 
extracted with diethylcther (2 x 125 mL). The aqueous phase was acidified (pH 
- 2.0) with more HCl, after cooling the solution in an ice bath. The precqsitate 
was extracted with ether, which was then dried over MgSO*. filtered and 
concentrated to yield 36.8 grams of crude product which needed no purification 
(95% yield). The product was N-tert-butoxycaibonyl-L-teaahydroisoquinoIine-2- 
caitwxylic acid which has the following formula: 




N-teit-butoxycartx)nyl-L-tetrahydroisoquinoIine-2-caiboxylic acid (27.7g, 
0. 10 moles) was dissolved in SO mL of dimethylformamide, and to this was added 
a warmed solution of 21 g of N-hydroxybenzotriazole in 30 mL of 
dimethylformamide. The solution was cooled to ICC and to this was added 19.1g 
(0.10 moles) of l-(3-dimethylaminopropyl)-2-etbylcaibodiimide hydrochloride 
(EDC) and the solution stirred for 10-15 minutes, at which time 7.3g (0.100 
moles) of distilled teit-butylamine was added. After 14 hours the solution was 
concentrated and 200 mL of ethyl acetate was added. The oiganic byer was 
washed with 5 % aqueous potassium hydrogen sulfate, saturated sodium bicarbonate 
and brine, dried over magnesium sulfate, filtered, and concentrated to yield a 
yellow oil, which was crystallized from warm hexane to yield 15.0 grams of a first 
crop 45.5% yield. The product was N-tert-butoxycarbonyl-S- 



1 
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tetrab3^droisoquiiioliiie>2-caiboxyIic acid tertbutyl amide wtdcb has the following 
formula: 




Part C: 



N-tcn-butoxycarboDyl-S-tetxaby(iioisoquinoline-2<artx>x acid tertbutyl 
amide (lO.Og, 30 mmol) was dissolved in 50 mL of methanol and placed in a 
Fisher Porter bottle with 3.2g of wet rhodium (50 wt % Ufi, 10 wt % rhodium 
on carbon). The bottle was purged with nitrogen, and charged with 50 psig 
hydrogen and heated to 50**C for 24 hours. The catalyst was removed by filtration 
and the methanol evirated to yield a mixture of (S,S,S) desired isomer and 
(S,R,R) undesirDd isomer in a 2: 1 ratio, respectively. The desired isomer (S,S,S,) j 
was separated by column chromatography on silica gel using a 15-20% ethylacetate 
bexane gradient elation to yield 6.1 grams of pure isomer (66% yield). The 
product was N-tert-butyloxycarbonyl-(S,S,S)decahydroisoquinoline-2-carboxylic !] 
acid, tert-butylamide which has the following structure: \ 
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Part D: 

N-tert-butyloxycaibonyl-(S,S,S)decahydioisoquinoline-2<aiboxyU^ acid, 

tcit-butyLiinide (6.3g. 18.6 mmol) was dissolved in 30 mL of 4N HQ in dioxane 
and stintsd under a nitrogen atmosphi;re fori hour. Tlie solvent was rexoved and 
the white soUd was suspended in 200 mL of dichloromethane and washed seveial 
times with satorated sodium bicarbonate. TTie dichloromethane (CHjCl,) layer was 
dried over magnesium sulfate, fUteitd. and concentrated to yield 3.68g of freebase 
(85% yield). The amine product has the following structure: 




The amine from part D (3.68g, 15.4 mmol) and 4.58g (15.4 mmol) of 
epoxide from Example 1 were dissolved in 50 mL of isopropanol and rtfluxed 
under a nitrogen atmosphere for 48 houn. The isopropanol was removed and the 
crude solid was chromatographed on silica gel usinj: methanol methylene chloride 
eluant to provide 8.0g of pure product (97% yield) identified as carbamic acid, [3- 
[3-[[(l,lKlimethylethyl)axnino]<arbonyl)xtahydio-2(lH)-isoquu»linyIh2-hydroxy 
l-(phenylmethyl)-prDpyl]-,phenyhnethyl ester, [3S-[2(1R*,2S*), 3o,4 a/5, 8affl]-. 
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Example 3: 

AUgmatc Gcngral Procwiyrg for the 

Synthesis of 1.3-Diamino-4-Phenvl-2>01 Derivatives 
Step A : 

A solution of L-pbenylalanine (SO.O g, 0.3Q2 mol), sodium hydroxide 
(24.2 g, 0.60S mol) and potassium carbonate (83.6 g, 0.6QS mol) in water (500 
mL) is heated to 9TC. Benzyl bromide (108.5 mL, 0.912 mol) is then slowly 
added (addition time -25 minutes). The mixture is then stirred at PT^'C for 30 
minutes. The solution is cooled to room temperature and extracted with toluene 
(2 X 250 mL). The combined oiganic layers are then washed with water, brine, 
dried over magnesium sulfate, filtered and concentrated to give an oil product. 
The crude product is then used in the next stq> without purification. 
Step B : 

The crude benzylated product of the above step is dissolved in toluene (750 
mL) and cooled to -55''C. A 1.5 M solution of DIABAL-H in toluene (443.9 mL, 
0.666 mol) is then added at a rate to maintain the temperature between 
-55'*C to -50*C (addition time - 1 hour). The mixture is stirred for 20 minutes 
at -55 The reaction is quenched at -55*'C by the slow addition of methanol (37 
mL). The cold solution is tiien poured into cold (5'C) 1 .5 N HCl solution (L8 
L). The precipitated solid (approx. 138 g) is filtered off avid washed witii tohiene. 
The solid material is suspended in a mixture of toluene (400 mL) and water (100 
mL). The mixture is cooled to 5**C, treated witii 2.5 N NaOH (186 mL) and then 
stirred at room temperature until the solid is dissolved. The toluene layer is 
separated from the aqueous phase and washed witis water and brine, dried over 
magnesium sulfate, filtered and concentrated to a volume of 75 mL (89 g). Ethyl 
acetate (25 mL) and hexane (25 mL) are then added to the residue upon which the 
alcohol product begins to crystallize. After 30 minutes, an i^rtditional 50 mL 
hexane is added to promote fuither crystallization. The solid is filtered off and 
washed with 50 mL hexane to give ^proximately 35 g of material. A second crop 
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of material can be isolated by refiltcring the mother liquor. The solids arc 
combined and recrystallized from ethyl acetate (20 mL) and bexane (30 mL) to 
give, in 2 crops, approximately 40 g (40* from ^phenylalanine) of analytically 
pure alcohol product. The mother liquors are combined and concentrated (34 g). 
The residue is treated with ethyl acetate and hexane which provides an additional 
7 g (-.7% yield) of slightly impure solid product Further optimization in the 
recovery from the mother liquor is probable. 

A solution of oxalyl chloride (8.4 mL, 0.096 mol) in dichloromethane (240 
mL) is cooled to -74*C. A solution of DMSO (12.0 mL, 0.155 mol) in 
dichloromethane (50 mL) is then slowly added at a rate to maintain the 
temperature at -74*C (addition time - 1.25 hours). The mixture is stirred for 5 
minutes, followed by addition of a solution of the alcohol (0.074 mol) in 100 mL 
of dichloromethane (addition time -20 minutes, temp. -75*C to -68*Q. The 
solution is stirred at -78*C for 35 minutes. Triethylamine (41.2 mL, 0.295 mol) 
is then added over 10 minutes (temp. -78* to -68*C) upon which the ammomum 
salt precipitated. The cold mixture is stirred for 30 minutes and then water (225 
mL) is added. The dichloromethane layer is sq>arated from the aqueous phase and 
washed with water, brine, dried over magnesium sulfate, filtered and concentrated. 
The residue is diluted with ethyl acetate and hexane and then filtered to further 
remove the ammonium salt. The filtrate is conceniv^ted to give the desired 
aldehyde product The aldehyde was carried on to the next step without 
purification. 

Temperatures higher than -70^C have been reported in the literature for the 
Swern oxidation. Other Swein modifications and alternatives to the Swern 
oxidations are also possible. 

A solution of the cnide aldehyde 0.074 mol and chloroiodomethane (7.0 
mL, 0.096 mol) in tetiahydrofiiran (285 mL) is cooled to -78*C. A 1.6 M 
solution of n-butyllithium in hexane (25 mL, 0.040 mol) is then added at a rate to 
maintain the temperature at -75*C (addition time - 15 minutes). After the first 
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additioQ, additioaal chloroidomethane (1.6 mL, 0.022 mol) is added again, 
foUowed by n-butyllithium (23 mL. 0.037 mol), keepmg the temperature at -75*C. 
The mixture is stintd for IS minutes. Bach of the reagents, chloroiodomethane 
(0.70 mL, 0.010 mol) and n-butyllithium (5 mL, 0.008 mol) are added 4 more 
times over 45 minutes at -7S^C. The cooling bath is then removed and the 
solution wanned to 22 over 1.5 hours. The mixture is poured into 300 mL of 
saturated aq. ammonium chloride solution. The tetrahydrofuran layer is separated. 
The aqueous phase is extracted with ethyl acetate (1 x 300 mL). The combined 
organic layers are washed with brine, dried over magnesium sulfate, filtered and 
concentrated to give a brown oil (27.4 g). The produa could be used in the next 
step without purification. The desired diastereomer can be purified by 
HBcrystallization at a subsequent step. Alternately, the product could be purified 
by chromatograqphy. 

The resulting epoxide can be substituted for the epoxide used in Example 
2, Part E. 

fl-Amino Acid Derivatives 

Example 4: Prqparation of caibamic acid, [3-[[3-[3-[[(l,l-dimethylethyl)- 
aminolcarbonyl]octahydrc-2(lH)-isoquinolinyl]-2-hydroxy-l-(phenyl- 
methyl)propyl]anuno]-2-methyl-3-oxopropyl]-,(4-methoxyphenyl)methybster,pS- 
[2[1R*(S*),2S*], 3a, 4 a^, 8 a^]]-. 
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P^rt A: 

A solution of carbamic acid, [3-[3.[l(l,l-dimethylethyl)amino]. 
caiboaylloctahydro-2(lH)-isoquinolinyll-2-hydroxy-l-(phenylmethyI)-pro^^^^ 
phcnylmethyl ester. I3S-[2(1R*.2S*). 3a.4 a^, 8 a^J- (l.OOg. 1.87 mmol) in 
methanol (50 mL) was hydrogenated in the presence of 0.50g (50% wt) of 10« 
Pd/chaicoal for 19 1/2 hours at room temperature and 50 psig of H,. Tbe catalyst 
was removed by vacuum fUtiation through a short plug of ceUte and the solvent 
removed in vacuo to give 0.69g (92%) of a white foam. SubsequenUy, the crude 
material was tritrated with diethylether (Et,0) to give 0.51g (68%) of a white 
powder. The amine product has the following formula: 



Ok 




N-p-methoxybenzyloxycaibonyl-a-mcthyl-B-alanine (430.5 mg, 1.6 mmol) 
was dissolved in 2.0 mL of dimethyl formamide, ayd to this was added 326 mg 
(1.5 eq) of N-hydroxybenzotriazole and stirred until the solution was 
homogeneous. Tlje solution was then cooled to 5'C and 308g (1.6 mmol) of l-(3. 
dimethylaminopropyl)-3-ethylcaibodiimide was added the reaction stirred for 20 
minutes. A solution of 547 mg (1.6 mmol) of the amine from Part A in 5 mL of 
dimethylformamide (DMF) was added to tiie solution and stirred for 16 hours. 
The dimethylformamide was removed by rotory evaporation and replaced witii 
etiiylacetate. The organic layer was washed witii water and sadirated sodhim 
bicarbonate, dried over magnesium sulfate, filtered and concentrated to yield 730 
mg of erode produa. Flash column chromatography on siUca gel using 
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ethylacetate:d[ichloromethane:ethanol eluant 25:25:1 provided 250 mg of piodua 
(25% yield), M+H == 651, identified as caibamic acid. [3-[[3-[3-[[(l,l- 
dimethylethyl)-aminolcart>onylloctahydro-2(lH)-isoquinoUnyl]-2-hydroxy-l- 
(phenyl-methyl)propyl]amino]-2-rnethyWK)xopropyll%(4-meihoxypfcenyI)meA 
ester, [3S-[2[1R»(S*),2S*1, 3a A ajS, 8 a^]]-. 

Example 5: Preparation of 3-(4-Methoxybcnzyloxycarbonyl)amino-2(R)- 
metbylpropionic acid. Also known as N-4-Methoxyben2yloxycaxbonyl a-methyl 
)3-alanine (N-Moz-AMBA) and N-p-methoxybenzyloxycarbonyl-a-mclhyl-6- 



A 5 L three-necked round bottomed flask equipped with constant pressure 
addition funnel, reflux condenser, nitrogen inlet, and mechanical stirrer was 
charged with itaconic anhydride (660. 8g, 5.88 mol) and toluene (2300 mL). The 
solution was wanned to reflux and treated with 4-methoxybenzyl alcohol (8I2.4g, 
5.88 mol) dropwise over a 2.6 hour period. Hie solution was miimtaifftfrfi at reflux 
for an additional 1 .5h and then the contents were poured into three 2 L erienmeyer 



alanine. 




Preparation of 4f4-methoxvbenzvnitaconate 
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flasks to ciystallize. The solution was allowed to cool to room tempeiatuxt 
wbeitupca the desired moDO-ester crystallized. The pnxlua was isolated by 
rUtxation on a Buchner funnel and air dried to give 8S0.2g» 58% of material with 
mp 83-85^C, a second crop, 17% was isolated after cooling of ihe filtrate in an 
ice bath. 'H NMR (CDCl,) 300 MHz 7.32(d, J=8.7 Hz, 2H), 6.91(d, J=8.7 Hz, 
2H), 6.49(s, IH), 5.85(s, IH), 5.12(s, 2H), 3.83(s, 3H), 3.40(s, 2H). 

B. Prgparation of Methvl 4f4-methoxvbenzvn itaconate 



A 5 L three-necked round bottomed flask equipped with reflux condenser, 
nitrogen inlet, constant pressure addition funnel and mechanical stirrer was charged 
with 4(4-methoxyben7yI) itaconate (453.4g, 1.81 mol) and treated with 1,5- 
diazabicyclo[4.3.0)non-5-ene (27S.6g, 1.81 mol), (DBN)» dropwise so that the 
temperature did not rise above 15*C. To this stimng mixture was added a 
solution of methyl iodide (256.9g, 1.81 mol) in 250 mL of toluene from the 
dropping funnel over a 45 minute period. The solution was allowed to warm to 
room temperature and stirred for an additional 3.25 hours. 

The precipitated DBN hydroiodide was removed by fihxation, washed with 
toluene and the flltrate poured into a separatory funnel. The solution was washed 
with sanirated aqueous NaHCO, (2 X 500 mL), 0.2N HCl (1 X 500 mL), and 
brine (2 X 500 mL), dried over anhyd. MgS04, filtered, and the solvent removed 
in vacuo. This gave a clear coloriess oil, 450.2g, 94% whose NK£R was 
consistent with the assigned structure. ^H NMR (CDCl,) 300 MHz 7.30(d, J»8.7 
Hz, 2H), 6.90(d, J =8.7 Hz, 2H), 6.34(s, IH), 5.7l(s, IH), 5,09(s, 2H), 3.82($, 




0 



CH 
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3H). 3.73(s, 3H), 3.38(s. 2H). »C NMR (CDCl,) 170.46. 166.47, 159.51, 
133.55, 129.97, 128.45. 127.72, 113.77, 66.36, 55.12, 51.94. 37.64. 

C. p rn^anrinn nf Methvl 4f4-tiirihoxvhrn7;vn 2ffi )-m6thvlaiCCiPi^lC 

0 CHj 

A 500 mL Fishcr-Porter bottle was charged with methyl 4(4- 
methoxybcnzyl) itaconaic (71. Ig, 0.269 mol), rhodium (R,R) DiPAMP catalyst 
(204mg, 0.269 mmol, 0.1 mol%) and degassed methanol (215 mL). Hie bottle 
was flushed S times with nitrogen and S times with hydrogen to a final pressure 
of 40 psig. The hydrogenation coounenced immediately and after ca. 1 hour the 
uptake began to taper off. after 3 hours the hydrogen uptake ceased and the bottle 
was flushed with nitrogen, opened and the contents concentrated on a rotary 
evaporator to give a brown oil that was taken up in boiling iso-octane (ca, 2Q0 
mL, this was repeated twice), filtered through a pad of celitc and the filtrate 
concentrated in vacuo to give 66.6g, 93 % of a clear colorless oil, *H NMR (CDCl, 
300 MHz 7.30(d, J=8.7 Hz, 2H), 6.9l(d, J=8.7 Ilz, 2H). 5.08($, 2H), 3.82(s, 
3H), 3.67(s, 3H). 2.95(ddq, J=5.7, 7.5, 8.7 Hz, IH). 2,79(dd, J=8.1, 16.5 Hz, 
IH), 2.45(dd, J=5.7, 16.5 Hz, IH), 1.23(d, J-7.5 Hz, 3H). 

D. f ffrp;>ration of Methvl 2fR>-methvlsuccinate 

A 3 L thiee-necked round-bottomed flask equipped with a nitrogen inlet, 
mechanical stirrer, reflux condenser and constant pressure addition funnel was 
Charged with methyl 4(4.methoxybcnzyl) 2(R)-methylsuccinate (432.6g, 1.65 mol) 
and toluene (1200 mL). The stirrer was started and the solution treated with 
trifluoroacctic acid (600 mL) from the dropping funnel over 0.25 hours. The 
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solution turned a deep purple color and the internal temperature rose to 4S*C. 
After stirring for 2.25 hours the temperature was 27*C and the solution had 
acquired a pink color. The solution was concentrated on a rotary evaporator. The 
residue was diluted with water (2200 mL) and sat. aq. NaHCG) (1000 mL). 
Additional NaHCOj was added until the acid had been neutralized. The aqueous 
phase was extracted with ethyl acetate (2 X 1000 mL) to remove the by-products 
and the aqueous layer was acidified to pH = 1 .8 with cone. HCl. This solution wis 
extracted with ethyl acetate (4 X 1(XX) mL), washed with brine, dried over anhyd. 
MgS04, filtered and concentrated on a rotary evaporator to give a colorless liquid 
25 Ig, > 100% that was vacuum distiUed through a short path appaiauis cut 1 : bath 
temperature 120''C ® > 1mm, bp 25-29*C; cut 2: bath temperature 140*C Q 
0.5nmi, bp 95-108*C, 151g, [aJo @ 25'C= + 1.38*C(c=15.475, MeOH), 
[a]o=4-8.48*C (neat); cut 3: bath temperature 140*C, bp 108*C, 36g, [aj^ @ 
25'C= + l.49*C(c=15.00, MeOH), [a]D=+8.98*C (neat). Cuts 2 and 3 were 
combined to give 189g, 78% of product, *H NMR (CDCI3) 300 MHz 11.6(brs, 
IH), 3.72(s, 3H), 2.92(ddq, J=5.7, 6.9, 8.0 Hz, IH), 2.81(dd, J=8.0, 16.8 Hz, 
IH), 2.47(dd, J=5.7, 16.8 Hz, IH), 1.26(d, J=6.9 Hz, 3H). 

E. PrcparatiPD of Mrtbyl Itawnaic 




0 



A 50 mL round bottomed fla^ equipped with reflux condenser, nitrogen 
inlet and magnetic stir bar was charged with methyl 4(4-methoxybenzyl) itaconate 
(4.00g, 16 mmol), 10 mL of toluene and 10 mL of trifluoroacetic acid. The 
solution was kqn at room temperature for 18 houn and then the volatiles were 
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rem ved in vacuo. The residue was taken up in ethyl acetate and extracted three 
times with saturated aqueous sodium bicarbonate solution. The combined aqueous 
extract was acidified to pH= 1 with aqueous potassium bisulfate and then extracted 
three times with ethyl acetate. The combined ethyl acetate solution was washed 
with saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, 
filtered, and concentrated in vacuo. The residue was then vacuum distilled to give 
I.23g, 75% of pure product, bp 85-87 @ 0.1 mm. 'H NMR (CDCl,) 300 MHz 
6.34(s, IH). 5.73(s, 2H), 3.76(s. 3H), 3.38(s, 2H). "C NMR (CDCl,) 177.03, 
166.65, 129.220, 132.99. 52.27, 37.46. 

F. Cuitius Reananeement of Methvl 2rR^ .methvlsuccinater 
Preoaration of Methvl N-Mor-ry-mrthvl fl-ala^in.. 



A 5L four necked round bottomed flask equipped with a nitrogen inlets 
reflux condenser, mechanicaJ stirrer, constant pressure addition funnel, and 
thennometer adapter was charged with methyl 2(P)-methyl$uccinate (184. Ig, 1 .26 
mol), iriethylamine (165.6g, 218 mL, 1.64 mol, 1.3 equivalents), and toluene 
(1063 mL). The solution was warmed to 8S^C and then treated diopwise with a 
solution of diphenylphosphoryl azide (346.8g, 1.26 mol) over a period of 1.2 
hours. The solution was maintained at that temperature for an additional 1 .0 hour 
and then the mixture was treated with 4-raethoxyben2yl alcohol (174.1g, 1.26 mol) 
over a 0.33 hours period from the dropping funnel. The solution was stirred at 
88*C for an additional 2.2S hours and then cooled to loom temperature. The 
contents of the flask were poured into a separatory funnel and washed with 
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saturated aqueous NaHCO, (2 X 500 mL), 0.2N HCl (2 X 500 mL), brine (1 X 
500 mL), dried over anhydrous MgSO*. fUteied, and concentrated in vacuo to give 
302.3g, 85 * of the desired product as a slightly brown oil. ,H NMR (CDCl,) 300 
MHz 7.32(d, J=8.4 Hz. 2H), 6.91(d, J=8.4 Hz, 2H), 5.2(bnn, IH), 5.05(s, 2H), 
3.83(s. 3H), 3.70(s, 3H), 3.35(m, 2H). 2.70(m, 2H). 1.20(d, J=7.2 Hz. 3H). 

G. Hydrolysis of Methvl N-M fM-a-methvl (^-»\»ninf.' 
prrpnitinn of nr-methvl fl-alanine Hydrochloride 



A 5 L three-necked round bottomed flask equipped with a reflux condenser, 
nitrogen inlet and mechanical stirrer was charged with methyl tj-Moz-o-methyl fi- 
alanine (218.6g, 0.78 mol), glacial acetic acid (975 mL) and 12N hydrochloric 
acid (1960 mL). The solution was then heated to reflux for 3h. After the solution 
had cooled to room temperature (ca. 1 hour) the aqueous phase was decanted from 
organic residue (polymer) and the aqueous phase concentrated on a rotsiy 
ev^rator. Upon addition of acetone to the cci-:centiated residue a slightly yeUow 
solid formed that was slurried with acetone and the white solid was isolated by 
nitration on a Buchner funnel. The last traces of acetone were removed by 
evacuation to give 97.7g, 90% of pure produa, mp 128.5-130.5*0 [alo & 



25'C=9.0»C (c=2.535. Methanol). 'H NMR (D,0) 300 MHz 3.29(dd, J=8.6, 
13.0 Hz. IH), 3.16(dd, J=5.0, 13.0m Hz, IH), 2.94(ddq, J=7.2, 5.0, 8.6 Hz, 
IH), 1.30(d,J=7.2 Hz, 3H); "C NMR (D,0) 180.84. 44.56, 40.27, 17.49. 




0 
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H. 



Ppmaration of N-Boc cr-Methvl fl-Ala^jnft 



H 




B 0 c H 



OH 



A solution of a-methyl /S-alanine hydrochloride (97.7g, 0.70 mol) in water 
(1050 mL) and dioxane (1050 mL) the pH was adjusted to 8.9 whh 2.9N NaOH 
solution. This stirring solution was then treated with di-fm-butyl pyiocaitwnate 
(183.3g, 0.84 mol, 1.2 equivalents) all at once. The pH of the solution was 
maintained between 8.7 and 9.0 by the periodic addition of 2.5N NaOH solution. 
After 2.5h the pH had stabilized and the reaction was judged to be complete. The 
solution was concentrated on a rotaiy evaporator (the temperature was maint^inrd 
at <40«C). The excess di-{£a-butyl pyrocaibonate was removed by extraction 
witii dichloromcthane and tiien tht aqueous solution was acidified with cold IN 
HCl and immediately extracted with eUiyl acetate (4 X 1000 mL). TTie combined 
ethyl acetate extract was washed with brine, dried over anhydrous MgSO,, filtered 
and concentrated on a rotary evaporator to give a thick oil 127.3g, 90* cnide 
yield that was stirred with n-hexane whereupon cry ^ols of pure product formed, 
9S.65g. 67%, mp 76.78'C. [a^ ® 25-C=-11.8''C (c=2.4. EtOH). A second 
crop was obtained by concentration of the filtrate and dilution with bexane, 15.4g, 
for a combined yield of 111.05g, 78%. 'H NMR (acetone D.) 300 MHz 11.7 
(brs, IH), 6.05 (brs IH), 3.35 (m, IH), 3.22 (m, IH), 2.50 (m, IH), 1.45(s, 9H), 
1.19 (d, J=7.3 Hz, 3H); «'C NMR (acetone 177.01, 79.28, 44.44, 40.92, 
29.08, 15.50. Elemental analysis calc'd. for Cfi„KO^: C, 53.19, H, 8.42; N, 
6.89. Found: C, 53.36; H, 8.46; N, 6.99. 
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I. 



Pfwvintrion of N-^.Mrthoxvty nTvln«vcaifaonvl nr-MfthYl ff-Alanil 



CHjO 




0 0 
N CHj 



A solution of N-4-methoxybeiJzyloxycaibonyl a-methyl ^-alanine methyl 
ester (2.81g. 10.0 mmol) in 30 mL of 25% aqueous methanol was treated with 
lithium hydroxide (1.3 equivalents) at room tempetature for a period of 2 hours. 
The solution was concentrated in vacuo and the residue taken up in a mixture of 
water and ether and the phases separated and the organic phase discarded. The 
aqueous phase was acidified with aqueous potassium hydrogen sulfate to pH= 1.5 
and then extracted three times with ether. The combined ethereal phase wis 
washed with saturated aqueous sodium chloride solution, dried over anhydrous 
magnesium sulfate, filtered and concentrated in vacuo to give 2.60 g, 97* of N-4- 
methoxybcnzyloxycarbonyl a-methyl /5-alanine (N-Moz-AMBA) which was 
puiified by reciystallization from a mixture of ethyl acetate and hexane to give 
2.44g, 91 % of pure product, mp 96-97»C. MH+ =268. 'H NMR (D.-acetone/SOO 
MHz) 1.16 (3H, d. J=7.2Hz). 2.70 (IH, a). 3.31 (2H. m), 3.31 (3H, s), 4.99 
(2H, s), 6.92 an, 4, J=8.7 Hz), 7.13 (2H. d, J=8.7 Hz). 

<fiilfnne Derivatives 

Example 6: Preparation of 3-Isoquinolinecarboxamide, N-(i,l- 
dimethylethyl)decahydro-2-t2-hydroxy-3-([2-methyl-3-(methylsuIfonyl).l- 
oxopiopyl)aminol-4-phenylbutyll-, [3S-[2(2S*,3R*(R*)1, 3a,4 iff, 8 affl)-. 
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Pan A: 

A solution of carbamic acid, [3-[3-[[(l,l-dimethylethyl)aminol- 
caibonylloctahydio-2(lH)-isoquinolinyll-2-hydroxy-l-(phenylmethyl)-propyll-, 
phenylmethyl ester, [3S-[2(1R*,2S*), 3o,4 a/S, 8 a^]]- (l.OOg. 1.87 mmol) in 
methanol (50 mL) was hydrogenated in the presence of 0.50g (50% wt) of 10% 
Pd/cbaicoal for 19 1/2 hours at room temperature and 50 psig of Hj. The catalyst 
was removed by vacuum fdtration through a sboit plug of odite and the solvent 
removed in vacuo to give 0.69g (92%) of a white foam. SubsequenUy, the crude 
material was tritrated with diethylcthcr (Et,0) to give 0.5 Ig (68%) of a white 
powder. The amine product has the following formula: 




To a solution of 230 mg (1.38 mmol) of 2(S)-methyl-3- 
(methylsulfonyl)propionic acid in anhydrous DMF (4 mL) was added N- 
hydroxybeozotriazole (HOBt) (290 mg, 2.15 mmol) as a powder and EDC (390 
mg, 2.03 mmol) as a powder. The resulting solution was stirred under nitrogen 
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for 10 minutes upon which was added 500 mg (1 .24 mmol) of amine from part A 
in DMF (6 mL) and stirring continued for 17 houn. SubsequenUy, the reaction 
mixmre was poured into 50% saturated NaHCO, (aq) and chilled for 1 hour, upon 
which a pale precipitate formed, vvhich was fUtered, washed with waasr and dried 
under reduced pressure to give 430 mg (63%) of a pale powder. Hie crude 
material was chromatographed on silica, gel eluating with 5% ethanol in ethyl 
acetate to give 80 mg (12%) of 3-isoquinolinecarboxamide, N-(l,l- 
dimethylethyl)decahydro-2-[2-hydroxy-3-t[2-methyl-3-(meihylsulfonyl)-l- 
oxopropyl]aminol-4-phenylbutyl]-, [3S-[2[2S*,3R*(R*)1, 3o.4 a^, 8 atf]]- as a 
white powder, mass spectrum, m/e 556 (FAB, M + li). 




The 2(S)-methyl-3-(methylsulfonyl)propionic acid (see Example 7 for 
piq>aration) may be substimted by sulfonyl alkyl acids, for example, 2-(R,S)- 
methyl-3-(methykulfonyl)propiomc acid (see Exionple 8 for prqaration) and 2- 
(R,S)-methyl-3(^-phenethylsulfonyl)-propionic acid (sec Example 9 for 

preparation). 

Example 7: Prgpaiation of ^fSVmethvl-S-fmethvlsulfonvDDrppionic Acid. 

0 

"'Srv^oH 

0^ ^0 CHj 
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To a solution of lOg of D-(-)-S-benzoyl-b-mercaptioisobutyric acid t-butyl 
e^ter in 20 mL of methanol was bubbled in gaseous ammonia at O^C. The 
reaction was allowed to then wann to room temperature, stirred overnight and 
concentrated in vacuo . The resulting mixture of a solid (benzamidc) and liquid 
was filtered to provide S.21g of a pale oil which then solidified. This was 
identified as 2(S)-methyl-3-mercaptopropionic acid t-butyl ester: 

0 



To a solution of 5.21g of 2(S)-methyl-3-mercaptopn)pionic acid t-butyl 
ester in 75 mL of toluene at 0*C was added 4.50g of 1,8- 
diazabicyclo[5.4.0)undec-7-ene (DBU) and 1.94 mL of methyl iodide. After 
stirring at room temperature for 2.5 hours, the volatiles were removed, ethyl 
acetate added, washed with dilute hydrochloric acid, water, brine, dried and 
concentrated to afford 2.82g of a pale oil, identified as 2(S)-methyl-3- 
(thiomethyOpropionic acid t-butyl ester 




To a solution of 2.82g of 2(S)-methyl-3-(thiomcthyl)propionic acid t-butyl 
ester in 50 mL of acetic acid was added S.S8g of sodium perborate and the 
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mixture heated to 55"C for 17 hours. The reaction was poured into water, 
extiactcd with methylene chloride, washed with aqueous sodium bicarbonate, dried 
and concentrated to afford 2.68g of 2(S)-methyl-3-(methylsulfonyl)piDpionicacid 
t-butyl ester as a white solid: 




To 2.68g of 2(S)-methyl-3-(methylsulfonyl)prDpionicacid t-butyl ester was 
added 20 mL of 4N hydrochloric acid/dioxane and the mixture stirred at room 
temperature for 19 hours. The solvent was removed in vacuo to affoid 2.18g of 
cnide product, which was recrystallized from ethyl acetate/hexane to yield 1.44g 
of 2(S)-methyl-3-(methylsulfonyl)-pn>pionic acid as white crystals: 



0 




Example 8: Preparation of 2-(R,S)-Methyl-3-(methylsulfonyl)propionic acid by 
Asymmetric Hydrogenation. 

0 

O'^ ^0 CHj 
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Part A : 

A soluUon of methyl 2-(bromomcthyl)-acrylatc (26.4 g, 0.148 mol) in 100 
mL of methanol was treated with sodium methanesulfinate (15.1 g, 0.148 mol) 
portion wise over 10 minutes at room temperanire. The solution was then stirred 
at room temperature for a period of 1.25 houR and the solution concentrated in 
vacuo. The residue was then taken up in water and extracted four times with ethyl 
aceute. The combined ethyl acetate solution was washed with saturated sodium 
chloride, dried over anhydrous magnesium sulfate, fUtered and concentrated to 
give a white soUd, 20.7 g which was taken up in boiling acetone/methyl isfl-butyl 
ether and allowed to stand whereupon crystals of pure methyl 2- 
(methylsulfonylmethyl) acrylatc 18.0 g, 68% formed, mp 65-68*C. Fonnula: 



0 

0^^ -^0 CH2 



A solution of methyl 2-(mcthylsulfonylmethyl) acrylate (970 mg, 5.44 
mmol) in 15 mL of tctrahydrofuran was trcati:^; with a solution of lithium 
hydroxide (270 mg, 6,4 mmol) in 7 mL of water. The solution was stirred at 
room temperature for 5 minutes and then acidified to pH=l with 1 N aqueous 
potassium hydrogen sulfate and the solution extracted three times with ethyl 
acetate. The combined ethyl acetate solution was dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give 793 mg, 89% of 2- 
(methylsulfonylmethyl) acryUc acid, mp 147-149*C.; formula: 
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T 



OH 



0' "0 CH 



A solution of 2-(methylsulfonylmcthyl) acryUc acid (700 mg, 4.26 mmol) 
in 20 mL of methanol was charged into a Fisher-Porter bottle along with 10% 
palladium on caibon catalyst under a nitrogen atmosphere. Tht reacdon vessel 
was sealed and flushed five times with nitrogen and then five times with hydrogen, 
•n^e pressure was maintained at 50 psig for 16 houn and then the hydrogen was 
replaced with nitrogen and the solution filtered through a pad of ceUte to remove 
the catalyst and the filterate concentrated in vacuo to give 682 mg 96% of 2-(R,S)- 
mcthyl-3-methylsulfonyl propionic acid; formula: 



H3C. 

0'" -^'0 CH 



OH 



Bomple 9: Prepantioo of Sulfones by Mictael Addiaoo 10 Maiyl Mahacijlale. 

0 





s; Y OH 
O" "0 CH, 
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Part A: 

A solution of methyl methacrylatc (7.25 g, 72.5 mmol) and phenethyl 
mereaptan (lO.O g, 72.5 mmol) in 100 mL of methanol was cooled in an ice bath 
and treated with sodium methoxid-, (100 mg, 1.85 mmol). The solution was 
stirred under nitrogen for 3 hours and then concentrated in vacuo to give an oil 
that was taken up in ether and washed with 1 N aqueous potassium hydrogen 
sulfate, sanitated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, filtered and concentrated to give 16.83 g, 97.5% of methyl 2-(R,S)- 
methyl-4-thia-6-phenyl hexanoate as an oil. 1LC on Sip, eluting with 20:1 
hex-.'ie:ethyl acetate (v:v) Rf=0.41. Formula: 




A solution of methyl 2-(R,S)-methyl-4-thia-6-phenyl h ex anoa t e (4.00 g, 
16.8 mmol) in 100 mL of dichloromethane was stirred at room temperature and 
treated portion wise with meta -chloroperoxvbenzoic zciA (7.38 g, 39.2 mmol) over 
approximately 40 minutes. The solution was stirred at room temperature for 16 
boun and then fUtered and the filterate washed with samrated aqueous sodium 
bicarbonate, IN sodium hydroxide, samrated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, filtered, and concentrated to give 4.50 g, 99% of 
desired sulfone. The unpurificd sulfone was dissolved in 100 mL of 
tetrahydroftiran and treated with a solution of lithium hydroxide (1.04 g, 24.5 
mmol) in 40 mL of water. The solution was stirred at room temperature for 2 
minutes and then concentrated in vacuo. The residue was then acidified with IN 
aqueous potassium hydrogen sulfate to pH=l and then extracted three times with 
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ethyl acetate. The combined ethyl acetate soluti n was washed with saturated 
aqueous sodium chloride, dried over anhydrous magnesium sulfate, filtered and 
concentrated to give a white solid. The solid was taken up in boiling ethyl 
acetate/hexane and allowed to stand undisturbed whereupon white peedles formed 
that were isolated by filtration and air dried to give 3.38 g. 79% of 2-(R,S)- 
methyl-303-phenethylsulfonyl)-propionicacid, mp 91-93 *C.; formula: 




fl-Asparafine Derivatives 

Example 10: Preparation of butanediamide, N*-[3-[3-[[(l,l.dimethylethyl)- 
amino]carbonyl]octahydro-2(lH)-isoquinolinyl]-2-hydroxy-l-(phenyl- 
methyl)propyl]-2-[(2-quinolinylcarbonyl)amino]-,t3S[2[lR*(R*),2S*],3a, 4a^, 8 




A solution of carbamic acid, [3-[3-[[(l,l-dimethylethyl)- 
aniino]cart)onyl]octahydn>-2(lH)-isoquinolinyl]-2.hydroxy-l-<pbenyl^^ 
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phcnylraethyl ester, [3S-[2(1R-,2S-), 3o,4 z$, 8 a^]J- (1.2g, 2.2 mmol) in 50 mL 
of methanol was charged to a Fisher Porter tube. TTie contents were purged with 
nitrogen and 300 mg, 25 wt % of 10% palladium on caiton was carefully added. 
The solution was charged with 50 psig hydrogen and was vigourously stined for 
2.5 hours. The catalyst was removed by fiitiation and the solution was 
concentrated to yield 849 mg (96% yield) of pure amine which has the following 
formula: 




PaitB: 

N-(2-quinolinylcarbonyl)-L-isoasparagine (366 mg, 1.2 mmol) was 
dissolved in 4.0 mL of dry dimethylfonnamide, and to this was added 250 mg (1.8 
mmol) of N-hydroxybenzotriazole. After the solution was homogeneous, 230 mg 
(1.2 mmol) of l-(3-Dimethylaminopropyl)-3-€thylcarbo(ii^aiide was added and the 
reaction stirred for 15 minutes. A soluUon of 510 mg (1 .2 mmol) of amine from 
part A was added in 4.0 mL of dimethylfonnamide to the solution and stined for 
16 houn. The majority of solvent was removed and replaced with ethyl acetate. 
The organic phase was extracted with water, saturated sodium bicarbonate and 
concentrated to yield 693 mg of white foam. Flash chromatography on silica gel 
using a gradient clution from 5% to 10% methanol/dichloromethane gave 346 mg 
of pure product, identified as butanediamide, N*-[3-t3-I((l,l^ethylethyI). 
amino]caibonylloctahydro-2(lH)-isoquinolinyn-2-hydroxy-l-(pheoyhnethyI)propyl]- 
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2-[(2-quinolinylcarbonyl)-aiiuno]-J3S-[2[lR*(R*),2S*],3a,4a^ M + U 

- 677.3. Fonnula: 



Example 11: Prepaiation of N-(2-Quiiiolinylcaibooyl)-L-isoasparagine. 



To a solution of O.SOg (3.78 nunol) of L-isoasparagine in S.O mL H3O 
containing ^ 45 mg (1 .5 eq) of solid bicarbonate. To this was added a suspension 
of 1.02g (3.78 mmol) quinaldic acid, N-hydroxysuccinamide ester in ethylene 
glycol dimethylether, and the suspension was solubilized by the addition of 10 mL 
of dimethylformamide. After 3 hours the solution was acidified by the addition 
of 5% HCl (aqueous) and the produa was filtered and washed with water, dried 
under vacuum to yield 750 mg (70% yield) of N-(2-quinolinylcarbonyl)-I^ 
isoasparagine. 
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Succinamide Derivatives 

Example 12: Preparation of Butanamide, 4-([3-[3-[((l,l-dimcthylethyl). 
amino3carbonyIloctahydro-2 (lH)-isoquinolinyl]-2-hydroxy-l - 
(phcnylmethyl)propyI]amino]-2,2,3-tiimethyl-4HJxo-,pS-[2tlR*(S"),2S»l,3 a, 4 




Part A ; 

A solution of carbamic acid, [3-[3-(((l,l. 

dimethylethyl)amino]carbonyl]octahydro-2(lH)-isoquinolinyl]-2-hydroxy.l. 
(phenylmethyDpropylJ., phenylmethyl ester, [3S-(2(1R«,2S*), 3 a ,4afi, 8a]J. 
(1.2g, 2.2 mmol) was dissolved in 50 mL of methanol and chaiged to a Fisher 
Porter tube. The contents were purged with nitrogen and 300 mg, 25 wt % of 
10% palladium on carbon was carcfuUy added. The solution was chaiged with 50 
psig hydrogen and was vigourously stirred for 2.5 houis. TTie catalyst was 
removed by filtration and the solution was concentrated to yield 849 mg (96% 
yield) of pure amine having the following formula: 
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To a solution of benzyl 2,2,3(R)-trimethylsuccinate (125 mg, 0.5 mmol) in 
DMF (1.5 mL) was added HOBt (153 mg, 1.0 mmol). After all the soUd was 
dissolved, the solution was .xwled to O'C and to this was added EDC (143 mg, 
0.75 mmol) and stining was continued to 2 hours at O'C. To this cold solution 
was added 200 mg (0.5 mmol) of amine from part A and stirred at 0*C for 2 
hours and room temperamre for 32 hours. The solvents were removed in vacuo 
(S 40"C) and the residue was dissolved in ethyl acetate (5 mL). This solution 
was washed with 60% sat. NaHCO, (2 mL x 2), 5% citric acid (2 mL) and saL 
NaCl (2 mL x2). The combined organic layers were dried (^ifiOd and 
concentrated to give a white solid. The purification of the crude product by flash 
chromatography (siUca gel. 4% MeOH/CH,Cy gave 188 mg (59%) of the desired 
product as a white soUd, [M+U]* = 640, identified as butanoic add, 4-[[3-[3-[3- 
[((l,l-dimethylethyl)amino]caibonylloctahydn>-2(lH)-isoquiDolinyl)-2-bydroxy-l- 
(phenylmethyl)propyllamino]-2,2,3-trimethyl-4-oxo-, phenylmethyl ester, (3S- 
(2[1R*(S*),2S*1, 3 o,4 aiS, 8 aJS]]-; formula: 




23SLQ' 

A mixture of benzyl ester from part B (180 mg, 0.284 mmcl), 10% Pd/C 
(125 mg) in methanol (MeOH) (2 mL) was hydrogenated (H„ 50 psig) at room 
temperature for 30 minutes. The solid was fdtered and was washed with MeOH 
(3 mL X 2). The combined filtrates were concentrated to give 122 mg (79%) icid 
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as a pale ycUow soUd, [M+H]* = 544 and (M+UJ* = 550, identified as 
butanoic acid, 4-[[3-[3-[[(l,l^iincthyIethyl)aniinolcart)onyI)octahydfT).2(lH)- 
is(>quinolinyl]-2.hydroxy-l-(phenylmeUiyl)propyIJamino)-2,2,3-trimethyl-4K)X(>.^ 
[3S-[2[1R*(S*),2S*], 3 0.4 aj5. 8 iff]]-; fonnula: 




To a solution of acid from part C (120 mg, 0.22 mmol) in DMF (0.5 mL) 
was added HOBt (68 mg, 0.44 mmol), NH,C1 (11.8 ng, 0.22 mmol) at room 
temperature. After all the soUd was dissolved, to the solution was added EDC (63 
mg, 0.33 mmol) at O^C and stimd at the temperature for 2 boors. To this cold 
solution was added 30% NH4OH (0.124 mL, 1.1 mmol) dropwise and the resulting 
mixture was stirred at 0»C for 6 hours and at room temperature for 16 houis. Tbt 
solvents were removed uLsacufi 40«C) and the -isidue was dissolved in ethyl 
acetate (5 mL). The solution was washed with 60% sat. NaHCO, (2 mL x 2), 5% 
citric acid (2 mL) and sat. NaCl (2 mL x 2). TUe combined oiganic layeis were 
dried (Na^04) and concentrated to give a white soUd. Tlie purification of erode 
product by flash chromatography (silica gel, 5% MeOH/Cai,Cy gave 72 mg 
(60%) of pure amide, [M+H]* = 543, identified as Preparation of Butanamide, 
4-([3-[3-[[(l , l-dimethylethyl)amino]carbonylJoctahydro-2 (lH)-isoquinolinylJ-2- 

hydroxy-l-(phenylmethyl)propyl]amino]-2,2,3-trimethyl-4.oxo-, [38- 
[2tlR*(S*),2S*], 3 a, 4 a^, 8 a^]]-; foraiuU: 
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in Example 12, part B, the benzyl 2,2,3(R)-trimethylsuccinate (see Example 
13 for preparation) may be substituted by the various succinates, sucdnamides and 
itaconamides produced in Examples 13 through 20 infa. in the appropriate 
amounts the determination of which is within the skill of the ait. 

Example 13: Preparation of Benzyl 2,2,3(R)-trimethylsuccinate 



EaiLA: Preparation of Methyl (S)-lactate, 2-methoxy-2-piopyl ether. 



To a mUture of methyl-(S)-(-).lacttte (13.2g, 100 mmol) and, 2- 
methoxypropene ai.6g, 300 mmol) in CH,C1, (150 mL) was added POQ, (about 





CH3O 



0 
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1.5 mL) at room temperature and the resulting mixture was stined at this 
temperamre for 16 hours. After the addiUon of triethylamine (NB^ (about 2 mL), 
the solvents were removed injaoifl to give 20.0g of (98 «) desired product. 

EaiLB: PreparaUon of 2(S)-hydroxyprDpanal, 2-methoxy-2-propyl ether. 




To a solution of compound from Part A (20.0g) in CH,CI, (100 mL) was 
added diisobutyl aluminum hydride (DIBAL) (65 mL of 1.5M solution in toluene, 
97.5 mmol) dropwise at -78»C for 45 minutes, then stirring was continued at tlL 
temperature for another 45 minutes. To this cold solution was added MeOH (20 
mL), saturated NaCl solution (10 mL) and allowed the rr^ction mixture to warm 
up to room temperature and diluted with ether (200 mL). MgSO. (150g) was added 
and stirred for another 2 houn. The mixture was filtered and the solid was 
washed twice with ether. The combined filtrates were rotavaped to affoid 11.2g 
(78%) of the desired aldehyde. 
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Part C : Preparation of 2(S)-hydn)xy-cis-3-butcnc, 2-mcthoxy-2-propyl ether. 



To a suspension of etbyltiipbenylphosphonium bromide (28g, 7S.S mmol) 
in THF (12S mL) was added potassium bis(tiimetbylsylyl)amide (KS (TMS)^ 
(lS.7g, 95%, 75 mmol) in portions at O^'C and stined for 1 hour at the 
temperature. Hiis red reaction mixture was cooled to -78*C and to this was added 
a solution of aldehyde from Pan B (llg, 75 nunol) in THF (25 mL). After the 
addition was completed, the resulting reaction mixture was allowed to wann up to 
room temperanire and stirred for 16 hours. To this mixture was added saturated 
NH4CI (7.5 mL) and filtered through a pad of celite with a thin layer of silica gel 
on the top. The solid was washed twice with ether. The combined filtrates were 
concentrated in vacuo to afford 1 1 .5g of crude product. The purification of crude 
product by flash chromatography (silica gel, 10:2 Hexanes/ethyl acetate) affording 
8.2g(69%)purealkene. 

Part D : Preparation of 2(S)-hydroxy-cis-3-butenc. 
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A mixture of alkene from Pan C (8.2g) and 30% aqueous acetic acid (25 
mL) was stirred at room temperature for 1 hour. To this mixture was added 
NaHCO, slowly to the pH - 7. then extracted with ether (10 mL x 5). Hie 
combined ether solutions were diiod (NajSOJ and filtered. Hie fiiiraxe was 
distilled to remove the etiier to give 2.85g (64%) pure alcohol, m/e=87(M+H). 

EaCLE: Preparation of 2,2,3-tiimethyl-hex-(trans)-4-cnoic acid. 




To a mixture of alcohol from Part D a.5g, 29 mmol) and pyridine (2.5 
mL) in CH,C\, (60 mL) was added isobutyiyl cUoride (3.1g, 29 mmoO slowly at 
O'C. n>e resulting mixture was stirred at room temperature for 2 hours then 
washed with H,0 (30 mL x 2) and sat. NaCl (25 mL). Tbt combined organic 
phases were dried (Na^OJ. concentrated to affoid 4.2g (93%) ester 2(S)-hydroxy- 
cis-3-butenyl isobutyrate. This ester was dissolved in THF (10 mL) and was 
added to a l.OM Utiiium diisopropyiamide (LDA) soh tion (13.5 mL of 2.0M LDA 
solution in IHF and 13.5 mL of THF) slowly at -Vg-C. Jht resulting mixture 
was allowed to warm up to room temperature and stirred for 2 hours and dUuted 
wiUj 5% NaOH (40 mL). TTie organic phase was separated, the aqueous phase 
was washed with Et,0 (10 mL). Hie aqueous solution was collected and acidified 
wiUi 6N HCl to pH - 3. The mixture was extracted wiUi etiier (30 mL x 3). 
•Die combined eUier layers were washed witfi sat. NaCl (25 mL). dried (Na^04) 
and concentrated to afford 2.5g (60%) of desired acid. m/e= 157(M+H). 
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Part F : Preparation of benzyl 2,2,3(S )-trimcthyl-trans-*-hcxenoaic. 



A mixture of acid from Part B (2.5g, 16 mmol). bcorylbromidc (BnBr) 
(2.7r, 15.8 mmol). K^CO, (2.2g, 16 mmol), Nal (2.4g) in acetone (20 mL) was 
heated at 75*C (oil bath) for 16 hours. The acetone was stiippcd off and the 
residue was dissolved in HjO (25 mL) and ether (35 mL). TTie ether layer was 
separated, dried Qi^O^) and concentrated to afford 3.7g (95%) of benzyl ester, 
m/e=247(M+H). 

Part G : Preparation of benzyl 2,2,3(R)-trimcthylsuccinate. 



To a well-stirred mixture of KMnO* (5.4g, 34, 2 mmol), HjO (34 mL), 
CHjCl: (6 mL) and benzyltriethylanunonium chloride (200 mg) was added a 
solution of ester from Part F (2.1g, 8.54 mmol) and acetic acid (6 mL) in CSfil^ 
(28 mL) slowly at 0**C. The resulting mixture was stirred at dlie temperature for 
2 hours then room temperature for 16 houn. The mixture was cooled in an ice- 
water bath, to this was added 6N HCl (3 mL) and solid NaHS(>i in portions until 
the red color disappeared. The clear solution was extracted with CH^Clj (30 mL 
X 3). The combined extracts were washed with sat. NaCl solution, dried (Na^SOJ 




0 CHj 
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and concentrated to give an oil. This oil was dissolved in Btfi (50 mL) and to 
this was added sat. NaHCO, (50 mL). The aqueous layer was separated and 
acidified with 6N HCl to pH - 3 then extracted with Et,0 (30 mL x 3). The 
combined extracts were washed with sat. NaCl solution (IS mL), dried (Na^SOJ 
and concentrated to afford 725 mg (34%) of desired acid, boizyl 2,2,3(R)- 
trimethyisuccinate, m/e=251(M-hH). 

Example 14: Preparation of methyl 2,2-dimethyl-3-methyl succinate, (R) and (S) 
isomers. 




BaiLA: Pr^>aration of methyl 2,2-dimethyl-3-oxo-butanoate. 




A 250 mL KB flask equipped with magnetic stir bar and inlet was 
chaxged with 100 mL dry THF and 4.S7g (180 nmiol) of 95% NaH. The slurry 
was cooled to -20*'C and lOg (87 mmol) methyl acetoacetate was added dropwise 
followed by 11.3 mL (181 mmol) CR^. The reaction was stined at 0**C for 2 
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boun and let cool to room temperature overnight. The reaction was Altered to 
remove Nal and diluted with 125 mL EtjO. The organic phase was washed with 
1x100 L S% brine, dried and concentrated in vacuo to a daric golden oil that was 
filtered through a 30g plug of silica gel with hexane. Concentratioa in vacuo 
yielded lO.OSg of desired methyl ester, as a pale yeUow oil, suitable for use 
without further purification. 

PartB : Preparation of methyl 2,2-diroethyl-3-0-(trifluoromethanesulfonate)-but-3- 
enoate. 




HjC CHj 



A 250 ml RB flask equipped with magnetic sdr bar and inlet was 
charged with 80 rnL by THF and 5.25 mL (37.5 mmol) diisopropylamine was 
added. The solution was cooled to -25 ""C (dry ice/ethylene glycol) and IS mL 
(37.5 mmol) of 2.5 M n-butyl lithium (n-BuLi) in hexanes was added. After 10 
minutes a solution of 5g (35 mmol) of methyl 2,r-difflethyl-3-oxo-butanoatefrom 
Part A in 8 mL dry IHF was added. The deq> yellow solution was sdited at - 
20'*C for 10 minutes then 12.4g N-phenyl bis(trifluon)methanesulfonimide) (35 
mmol) was added. The reaction was stirred & -WC for 2 hours, concentrated 
in vacuo and paitioned between ethyl acetate and saL NaHCO,. The combined 
organic phase was washed with NaHCOj, brine and concentrated to an amber oU 
that was filtered through 60g silica gel plug with 300 mL 5 % ethyl acetate/bexane. 
Concentration in vacuo yielded 9.0g light yellow oil that was diluted with 65 mL 
ethyl acetate and washed with 2x50 mL 5 % aq. KiCO,, 1x10 mL brine, dried over 
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Na,SO« and concentrated in vaeun to yield 7.5g (87%) vinyl inflate, 
(ni/c=277(M+H) suitable for use without ftiither purificatioo. 

EaO-C: Pre{>afation of methyl 2.2-diniethyI-3-caitx)xyl-but-3-enoate. 



A 250 mL Fisher Porter bottle was chained with 7.5g (27 mmoO of 
compound prepared in Part B, 50 mL dry DMF, 360 mg (1.37 mmol) triphenyl 
phosphine and 155 mg (.69 mmol) palladium (II) acetate. Hie reaction mixture 
was purged twice with N, then chaiged with 30 psig CO. Meanwhile a sohttion 
of 20 mL dry DMF and 7.56 mL (54 mmol) NEt, was cooled to 0*C to this was 
added 2.0g (43 mmol) of 99% formic acid. The mixture was swirled and added 
to the vented Fisher Porter tube. The reaction vessel was rechaiged to 40 psig of 
CO and stined 6 houn @ room temperature. Hie reaction mixture was 
concentrated iajacufl and panioned between 100 r.± of ethyl acetate and 75 mL 
5% aq. KjCO,. The aqueous phase was washed with 1x40 mL additional ethyl 
acetate and then acidified with concentrated HCl/ice. Tlie aqueous phase was 
extracted with 2x70 mL of ethyl acetate and the oiganics were dried and 
concentrated to yield 3.5g (75%) white crystals, mp 72.75»C, identified as the 
desired product (m/e=173(M+H). 
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EaiLD: Prquration of methyl 2,2-dimetiiyI-3-methylsucciDate, isomer #1. 




A steel bydrogeoation vessel was charged with 510 mg (3.0 mmol) acrylic 
acid, from Part C, and 6 mg jRu (acac), (R-BINAP) in 10 ml degassed MeOR. 
The reaction was hydrogenated at SO psig/room temperature for 12 houn. Hie 
reaction was then filtered through celite and concentrated to SOO mg clear oil 
which was shown to be a 93:7 mixture of isomer #1 and #2, respectively as 
determined by GC analysis using a 50 M ^-cyclodextiin column (chiral GQ: 
150*C • 15 min. then ramp 2*C/min.; isomer 01, 17.85 minute retention time, 
isomer ifZ, 18-20 minute retention time. 

2aiLE- Piq)aration of methyl 2,2-dimethyl-3-methylsuccinaie, Isomer #2. 




A steel hydrogenation vessel was charged with 500 mg (2.9 mmol) acrylic 
acid. Part C, and 6 mg Ru(OAc) (acac)(S-BINAP) in 10 mL degassed MeOH. 
The reaction was hydrogenated at 50 psig/room temperature for 10 houn. The 
reaction was fUtered through celite and concentrated ia vaeun to yield 490 mg of 
product as a 1:99 mixture of isomers #1 and #2, respectively, as determined by 
chiral GC as above. 
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Example 15: Preparation of Chiral Succinamides ftom Itaconic Anhydride. 
Pait A: Piqaiadon of 4-N-benzyl itaconamide. 



CHj 



or-'. 




OH 



A 500 mL three necked round bottomed flask equ^ped with a dropping 
funnel, mechanical stiner. nitrogen inlet and reflux condenser was chaiged with 
iuconic anhydride (33.6g. 0.3 mol) and 150 mL of toluene. This sohition wis 
added a solution of bcnzylamine (32. Ig, 0.3 mol) in 50 oL of toluene dropwiie 
over 30 minutes at room tempentuit. TTie solution wu idned at this tempeniure 
an additional 3 houis and then the soUd product isolated by fUtmion on a Buchaer 
funnel. Tbc crude product. 64.6g. 98%. was recrystallized fiom 300 mL of 
isopropyl alcohol to give after two crops 52.1g. 79% of pure product, mp 149- 
150 'C. 

EaiLE: Pre|anitionof2(R)-Methyl4-N-ben2ylsuccinamide. 



CHj 




OH 
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A large Fisher-Poitcr bottle was charged with the add from the above 
leactioo (10.95g. 0.05 mol), rhodium (R.R)-DiPAMP (220mg, 0.291 nunol) and 
125 mL of degassed methanol. The solution was then hydrogenated at 40 psig for 
16 hours at room temperature. After the hydrogen uptake ceased, the vessel wis 
opened and the solution concentrated in vacuo to give a yellow solid, ll.OSg, 
100% . The product was then taken up in absolute ethanol and allowed to stand 
whereupon crystak of the desired product formed, 7.98g, 72%, mp 127-129 'C, 
[a]o@25 •C= + 14.9' (c=1.332,ROH), »H nmr (CDCl,) 300MH2 7.30(m,5H), 
6.80(bf5, IH), 4.41(d, J=5.8Hz, 2H). 2.94(m, IH), 2.62(dd, J=8.1, 14.9Hr, 
IH), 2.33(dd, J=5.5, 14.9Hz, IH), 1.23(d, J=7.2Hz, 3H). 

Part C : Preparation of 4-N(4-methoxybenzyl)itaconamide. 

0 CHj 

CHjO"^ H 0 

A SOO mL three necked round bottomed flask equipped with a dropping 
funnel, mechanical stirrer, nitrogen inlet and rcfiux condenser was charged with 
itaconic anhydride (44.8g, 0.4 mol) and 150 mL of toluene. Hiis solution was 
added a solution of 4-methoxybenrylamine (54.8g, 0.4 mol) in 50 mL of toluene 
dropwise over 30 minutes at room temperature. The solution was stirred at this 
temperature an additional 2 hours and then the solid product isolated by filtration 
on a Buchner funnel. The crude product was recrystallized from ethyl 
acetate/ethanol to give after two crops 64.8g, 65% of pure product, mp 132-134 
•C, 'H nmr (CDClj) SOOMHz 7.09(d, J=9.1Hz, 2H), 6.90(brt,.J=5.9Hz, IH), 
6.74(d. J=9.1H2, 2H), 6.22(s, IH), 5.69(s, IH), 4.24(d, J«5.9Hz, 2H), 3.69(s, 
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3H). 3.15(s. 2H). »C nmr (CDCl,) 170.52, 169.29, 159.24, 135.61, 131.08, 
129.37, 128.97, 114.36, 55.72, 43.37, 40.58. 

EaiLD: Preparation of 2(R).Methyl 4-N(4-nicthoxybenzyl)succinaniide. 



CHj 



CHjO 




OH 



A large Fisher-Porter bottle was charged with the add from the above 
reaction (5.00 g. 0.02 mol). rhodium (R,R)-DiPAMP (110 mg. 0.146 mmol) and 
50 mL of degassed methanol. TTie starting acid was not completely soluble 
initiaUy, but as the reaction progressed the solution became homogeneous. Tlie 
solution was then hydrogenated at 40 psig for 16 houn at room tempeniaro. 
After the hydrogen uptake ceased, the vessel was opened and the sohrtion 
concentrated in vuc«t, to give a yeUow solid. erode product was then taken 
up in ethyl acetate and washed three times with sat. aq. NaHCO, solution. Tbt 
combined aqueous extracts were acidified to pH=l with 3 N HQ and then 
extracted three times with ethyl acetate. TTie combined ethyl acetate extracts were 
washed with brine, dried over anhyd. MgSO,. filtered and concentrated to give the 
expected product as a white solid, 4.8Ig, 95%. Tins material was recrystallized 
from a mature of methyl ethyl ketone/hexane to give 3.80g, 75% of pure product 
[«]o ® 25 •C= + 11.6« (c=1.572. MeOH). 'H «nr (CDCy 300MHi 11 9(br»' 
IH), 7.18(d. J=9.2Hz, 2H). 6.82(d, J=9.2Hr, 2H), 6.68(brt. J«5.6Hr. IH)' 
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4.33(d, J=5.6Hz, 2H), 3.77(s, 3H), 2,92(ddq, J=7.9, 5.4, 7.3Hz. IH), 2.60(dd, 
J=5.4, 15.0Hz, IH), 2.30{dd, J=7.9, 15.0Hz, lH).L22(d. J=7.3H2, 3H). 

Example 16: Prepaiatioo of Txans-mooo-etbyl 1,2-Cyclopropanedicaitx)xylate. 

To a solution of 4.60g (24.7 mmol) of trans-diethyl 1,2- 
cyclopiopanedicaiboxylate in 100 mL of 50:50 v:v tetrahydrofuxan/water was 
added 1.24g (29.6 mmol) of lithium hydxx>xide. After 17 hours, the 
tetiahydrofuran was removed in vacuo, the water layer washed with ethyl acetate, 
acidiHed with IN hydrochloric acid and reextxacted with ethyl acetate. The 
organic layer was dried and stripped to afford 2.1g of cnide pioducL After 
recrystallization from diethyl ether/hexane and then methylene chloride/hexane, 
one obtains l.lg (28%) of tians-monoethyl 1 ,2-cyclopropanedicaifaoxylate, m/e = 
159 (M+ H). 

Example 17: Pxiq>aiation of 2(R)-Methyl-4-benzyl Succinate. 
Part A : 

To a suspension of 24. 7g (0.22 mol) of itaconic anhydride in 100 mL of 
anhydrous toluene at reflux under a nitrogen atmosphere was added dropwise over 
30 minutes 23 .9g (0.22 mol) of benzyl alcohol. The insoluble material dissolved 
to provide a homogeneous solution which was refluxed for 1.5 houn. The 
solution was cooled to room temperature, tJ;en in an ice bath and the resulting 
white precipiute collected by fdtiation to afford 24.8g (51%) of 4-benzyl 
itaconate. 

To a solution of 2.13g (9.5 mmol) of the product from Part A in 12 mL of 
methylene chloride at O'^C was added 4.02g (29.1 mmol) of paia-methoxybenzyl 
alcohol, 605 mg (4.95 mmol) of N,N-dimethyl 4-aminopyridine, 128 mg of N,N- 
dimethyl 4-aminopyridine hydrochloride salt and then 2.02g (4.7 mmol) 
dicyclohexylcaibodiimide (DCC). After stirring at O'C for 1 hour and then room 
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temperature for 2 hours, the precipitate was collected and discarded. Tlie filtxate 
was washed with 0.5 N HCl, sat. NaHCO,, dried and stripped to afford 4.76g of 
crude pnxiua. This was chromatographed on silica gel using 0-50% ethyl 
acetate/hexane to afford 1.24g of pure 4*-methoxybenzyl-4-benzyiitaconate. 

A solution of 1.24g (3.65 mmol) of product from Part B and 20 mg of 
[(R,R)-DiPAMP)cyclooctadienylrfaodium] tetiafluoroborate in 30 mL of methanol 
was thoroughly degassed, flushed with nitrogen and then hydrogen and then stirred 
under 50 psig of hydrogen for 15 houn. The solution was filtered and stripped, 
dissolved in methylene chloride and washed with sat. NaHCO,, dried and stripped 
to afford 0.99g of a brown oil. This was then dissolved in 40 mL of methylene 
chloride, 3 mL of trifluoroacetic acid added and the solution stirred at room 
temperature for 3.5 hours. Water was added and separated and the organic layer 
extracted with sat. NaHCOs. The aqueous layer was acidified and reextiacted with 
ethyl acetate, sqnuated and the organic layer washed with brine, dried and 
stripped to afford 320 mg (50%) of 2(R)-methyl-4-benzylsuccinic acid. 

Example 18: Preparation of 2(S)-Methyl*4-benzyl Succinate. 

A solution of 1.41g (4.1 mmol) of 4'-metfaoxybenzyl4-benzylitaconateand 
25 mg of [(S,S-DiPAMP)cyclooctadienyl-rhodium]ietrafIuon>boxatein 20 mL of 
methanol was thoroughly degassed, flushed with nitrogen and then hydrogen and 
then stirred under 40 psig hydrogen for 72 hours. The solution was filtered and 
concentrated to provide 1.34g of a brown oil. This was dissolved in 40 mL of 
methylene chloride and 3 mL of trifluoroacetic acid was added. After sdning for 
4 hours, water was added, sq)arated and the organic layer extracted with saL 
NaHC03. The aqueous layer was separated, reacidified, extracted with ethyl 
acetate which was separated, washed with brine, dried and strqsped to afford 440 
mg of 2(S)-methyl-4-benzylsuccinic acid (also known as, 2(S)*Methyl-4-benzyl 
succinate). 
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Example 19: Pitparadoa of 3(R)-Methyl-4-beazyl Succinate. 

In a similar mamier to the procedure used above in Example 17, Part A, 
p-metboxybenzyl alcohol was reacted with itaconic anhydride in refluxing toluene 
to provide 4-(p-methoxybenzyl)itaconate. 

To a solution of 3.30g (13.2 mmol) of the product from Part A in 17 mL 
of toluene* was added 2.08g (13.7 mmol) of l,8-dia2abicyclo[S.4.0]undec*7-ene 
and then 2.3Sg (13.7 mmol) of benzyl bromide. After 2 boon, the solution was 
filtered and the filtrate washed with sat. NaHCQs* 3N HCl, brine, dried and 
concentrated to afford 3.12g of an oil. After chromatogi^hy on silica gel using 
0-5% ethyl aceute/hexane one obtains 2.19g (49%) of benzyl 4-(4* 
methoxybenzyl)itaconate. 

A solution of 1.22g (3.6 mmol) of product from Pan B and ISO mg of 
[((R,R*DiPAMP)) cyclooctadienylrhodium] tetrafluoroborate in IS mL of methanol 
was thoroughly degassed, flushed with nitrogen and then hydrogen and 
bydrogenated under 50 psig for 16 hours. The soludon was fdtered and 
concentrated to afford 1.2g of a brown oil. This was dissolved in 5 mL of 
methylene chloride and 5 mL of toluene and 3 mL of trifluoroacetic acid was 
added. After 4 hours, the solvents were removed in vacuo, the residue dissolved 
in methylene chloride, which was then extracted with saL NaHCO|. After 
separation, the aqueous layer was acidified, reextiacted with methylene chloride 
which was then dried and concentrated to afford 470 mg (60%) of 3(R)-methyI-4- 
benzylsuccinic acid (also known as, 3(R)-methyl-4-benzyl succinate). 
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Example 20: Piepanuion of 3(S)-Methyl^benzyI Sucdnate. 

niis was prepared in an identical manner to the previous example (Example 
19) except that the asymmetric hydrogenation step was done in the pierce of 
[((S,S-DiPAMP)cyclooctadienyl)rhodiumJ.tetrafluorobonUB as catalyst. 

Example 21: Assays 
&ILA: Enzyme Assay 

nie compounds of the presem invention are effective HIV protease 
inhibitOR. Utilizing an enzyme assay as described below, the compounds set forth 
in Examples 4. 6. 10. 12 and 12C inhibited the HIV enryme in an amount ranging 
fiom about 3 to about 100% inhibition at a concentration of 10 miciomolar Tbt 
calculated 1C„ (inhibiting concentration 50«. i.e., the concentration at which the 
mhibitor compound reduces enzyme activity by 50%) vah.es are shown in Table 
1. The enzyme method is described below. TTie substrate is 2-aminobenzoyHle- 
Nle-Phe(p-NO^.Gb-ArgNH,. TTie positive contrel is MVT-10l(Miller,M etal 
Science. 24fi. 1149 (1989)1 The assay conditions are as foUows: 
Assay buffer. 20 mM sodium phosphate, pH 6.4 

20% glycerol 

1 mM EDTA 

1 mM DTT 

0.1% CHAPS 

•me above described substrate is dissolved in DMSO. then dUuted 10 fold 
in assay buffer. Final substrate concentration in the assay is 80 mM. 

mv protease is diluted in the assay buffer to a fmal enzyme concentration 
of 12.3 nanomolar, based on a molecular weight of 10.780. 

THe final concentration of DMSO is 14% and the final concentration of 
glycerol is 18%. TTie test compound is dissolved in DMSO and dUuted in DMSO 
to lOx ti.e test concemration; lO^L of tiie enzyme preparation is «Jded the 
materials mixed and then the mixture is incubated at ambient temperature for 15 
minutes. TTie enzyme reaction is initiated by the addition of 40^L of substrate 
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The increase in fluorescence is m nitored at 4 time points (0, 8» 16 and 24 
minutes) at ambient temperature. Each assay is carried out in duplicate wells. 

EaiLfi: CEM Cell Assay 

The effectiveness of the compounds tested in Pan A was also iU^r minr^ 
in a CEM cell assay. The HIV inhibition assay method of acutely infected ceUs 
is an automated tetiazolium based colorimetric assay essentially that repoited by 
Pauwles et al, J. Virol. Methods 20, 309-321 (1988). Assays were peifonned in 
96-well tissue culture plates. CEM cells, a CD4^ cell line, were grown in RFMI- 
1640 medium (Gibco) supplemented with a 10% fetal calf seium and were then 
treated with polybrene (2/ig/mL). An 80 /iL volume of medhmi containing 1x10* 
cells was di^>ensed into each well of the tissue culture plate. To each well was 
added a 100/iL volume of test compound dissolved in tissue culture medium (or 
medium without test compound as a control) to achieve the desired final 
concentration and the cells were incubated at ZT'C for 1 hour. A frozen culture 
of HIV-1 was diluted in culture medium to a concentration of 5 x l(f TCIDjoper 
mL (TCIDjo = the dose of vixus that infects 50% of cells in tissue culture), and 
a 20mL volume of the virus sample (containing 1000 TCXDjo of virus) was ar yy i ^ 
to wells containing test compound and to wells containing only medium (infected 
control cells). Several wells received culture medium without virus (uninfected 
control cells). Likewise, the intrinsic tonicity of the test compound was 
detennined by adding medium without virus to several wells containing test 
compound. In summaiy, the tissue culture plates contained the following 
experiments: 
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Cells 


Dnig 


Vinjs 


1. 


-I- 






2. 


+ 


+ 




3. 


+ 




+ 


4. 


+ 




-1- 



In oqMriments 2 and 4, the fuial concentrations of test compounds were 1 , 
10, 100 and 500 /ig/mL. Either azidothymidine (A21) or dideoxyinosine (ddl) 
was included as a positive dnig control. Test compounds were dissolved in DMSO 
and diluted into tissue culture medium so that the final DMSO concentration did 
not exceed 1.5% in any case. DMSO was added to all control wells at an 
appropriate concentration. 

Following the addition of virus, cells were incubated at 37*C in a 
humidified, 5% CO, atmosphere for ? days. Test compounds could be added on 
days 0, 2 and 5 if desired. On day 7, post-infection, the cells in each well were 
resuspended and a lOO^L sample of each cell suspension was removed for assay. 
A 20/tL volume of a 5 mg/mL solution of 3-(<1,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT) was added to each lOO/tL ceU suspension, and 
the ceUs were incubated for 4 hours at 27»C in a 5% CO, environment. During 
this incubation, MTT is metaboUcaUy reduced by living cells resulting in the 
production in the ceU of a colored formazan product. To each sample was added 
IOOmL of 10% sodium dodecylsulfate in 0.01 N HCI to lyse the cells, and samples 
were incubated overnight. The absorbance at 590 nm was determined for each 
sample using a Molecular Devices microplate reader. Absoibance vahies for each 
set of wells is compared to assess viral control infection, uninfected control cdl 
response as well as test compound by cytotoxicity and antiviral efficacy. 
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The calculated EC^ (effective coocentration 50%. i.e., the cooceotiatioo 
at which the inhibitor compound reduces cytopathidty by 50%) and TD* (toxic 
dose 50%, i.e., the concentration at which the inhibitor compound reduces cellular 
viability by 50%) values for Uiese compounds are also shown in Table 1. 
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TABLK1 



Ok ^ 

0 0 CM, H ON • 



CH.O 



0 ] ^Y**'" 



0^ -K^V^M^S^ 
N CH,H OH 



95 





H,C CH,p 
0 CHjK OH 




HjC CH|Q 
0 CN,H OH 




Enzyme 
Inhibition 
(ICm) 


Antiviral 
Activity 
inCeU 
Culture 
fECw) 


CeU 
Toxicity 
OI2soL 

58,O0OnM 


7nM 


42nM 


2nM 


S2nM 


2.000nM 


9nM 


37nM 


S.OOOnM 


9nM 


98nM 




23nM 


184nM 


50,000nM 
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Example 22: Acetvlated Amino Acid Derivativi-< 

With the aid of the geoeral produce for piqMuing the compounds according 
to Formula IV and the analogous procedures in Example 4 (/S-amino acid 
derivatives) and . Example 10 (^-aspaiagine derivative, one skilled in the an can 
prepay select the appropriate acylaled amino acid and use these procedurK to 
picput the compounds listed in Table 2. Tliese compounds are according to 
Formula IV with n=l, Y'=0, Y"=0, R«'=H, R=CH„ R =CH„ R« =H and 
R'*=H. 
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Examnle 2 ,V 

me compounds shown in Table 4 and 5 can be pitpamJ genendly 
accoKhng to the pnx»durc set forth in Examples 4 and the genen! pmceduic for 
prepuing compounds according to Formula I. 



TABLE d 



Ok 



! 1 1 V" 



Entry 



-CH, 



-CH, 



0 



A 



-CH(CH,), 



A 
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lABLEJ (Contmued) 



Entiy R, R 



-CH(CH,), 0 



-C(CH,), 0 



-CH, 




-CH, 



a. 



^OCH,C{0)- 

8 -CH, HO,CCH,CH,C(0)- 



9 -CH, 



C(0)- 
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XABULi (Cootioued) 



R, R'* R'* R 



H H H 



K H H 



H H CONH, 



H^-C(0). 



Cbz 
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Fjampifi 24: 

The compounds shown in Tables 6, 7 and 7A can be piqnred generally 
according to the procedures set forth in Example 6 and the general procedure for 
prqiaiing compounds according to Formula n. 

XASLELi 




R' 



CH,- 

CHjCHjCH,- 
PhCHjCH}- 
PhCH,- 
Ph- 

HOCHjCH,- 
CeHjCH,0-C(0)- 
H^-C(0)-CH, 
CH3=CH-CH,- 



Ph^ phenyl 
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lABLELZ 




benzyl N-t-butyl-L-proIine amide 

benzyl N-t-butyl-L-pq)ecolic acid amide 

benzyl N-t-butylde^hydiD-isoquinoline-3-cart)oxamide 
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ZABLEL2A 




R' R, 



CH, -CH(CHOa 
Ch, -CH(CH,), 



Example 25: 

The compounds showa in Tables 8 and 9 can be prqiared geneially 
according to the procedures set forth in Example 12 and in the general procedures 
for ptepasing compound according to Fonnula m. 
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TABLE g rContinumn 

R' R» R»' R" X' R» R« 



CH, H CH, H N H CaJAHjOCH, 

OH H H H N H H 

OH H H H O H H 

H H OH H N H H 

H H OH H 0 H 

CH, H H H N H H 

CH,C(0)NHaH H H N H H 

CH,C(0)NH,H H H 0 H H 

CH,C(0)NHiH H H 0 CH, 

CHjCPh H H H N H H 

CH, H CH, CH, N H H 

CH, H CH, CH, O H 

CH, H CH, CH, N H CH, 

CH, H Ch, CH, N CH, CH, 
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TAffTlg 9 rContinued) 




0 



The compounds of the pieseot invention are effective antiviral compounds 
and, in particular, are effective retroviral inhibitors as shown above. Thus, the 
subject compounds are effective HIV protease inhibitors. It is contemplated that 
the subject compounds wiU also inhibit other viruses such as human T<ell 
leukemia virus, req)iratory syncitial virus, hq>adnavirus, cytomegalovirus and 
picoraavirus by the proposed inhibition of post translational proteolytic processing 
events. Thus, the subject compounds arc effective in the treatment and/or 
prophylaxis of retroviral infections. 

The compounds of the present invention can be used in the form of salts 
derived from inorganic or organic acids. These salts include but are not limited 
to the following: acetate, adipate, alginate, citrate, aspartate, benzoate, 
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate, 
cyclopentanepropionate, dodecylsulfate, ethanesulfonate, glucohcptanoate, 
glyceropho^hate, bemisulfate, heptanoate, bexanoate, fumante, hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxy-ethane8ulfonate, laeute, maleate, 
methanesulfonate, nicotinate, 2-napbthalenesulfonate, oxalate, palmoate, pectinate, 
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persulfate, S-phenylpropi nate, picrate, pivalate, propionate, succinate, tamate, 
thiocyanate, tosylate, mesylate and undecanoate. Also, the basic nztiogeo- 
containing groups can be quatemized with such agents as lower alkyl halides, such 
as methyl, ethyl, propyl, and butyl chloride, bromides, and iodides; dialkyl 
sulfates like dimethyl, diethyl, dibutyl, and diamyl sulfates, long chain halides such 
as decyl, lauryl, myristyl and steaiyl chlorides, bromides and iodides, aralkyl 
halides like benzyl and phenethyl bromides, and others. Water or oil-soluble or 
dispersible products are thereby obtained. 

Examples of acids which may be employed to form phazmaceutically 
accq)table acid addition salts include such inorganic acids as hydrochloric add, 
sulphuric acid and phosphoric acid and such organic acids as oxalic acid, maleic 
acid, succinic acid and citric acid. Other examples include salts with alkali metals 
or alkaline earth metals, such as sodium, potassium, calcium or magnesium or 
with organic bases. 

Total daily dose administered to a host in single or divided doses may be 
in amounts, for example, from 0.001 to 10 mg/kg body weight daily and mote 
usually 0.01 to 1 mg. Dosage unit compositions may contain such amounts of 
submultiples thereof to make up the daily dose. 

The amount of active ingredient that may be combined with the carrier 
materials to produce a single dosage form will vary depending upon the host 
treated and the particular mode of administration. 

The dosage regimen to give relief tom or ameliorate a disease condition 
(i.e., treatment) or protecting against the further spreading of the infection (uft., 
prophylaxis) with the compounds and/or compositions of this invention is selected 
in accordance with a variety of factors, including the type, age, weight, sex, diet 
and medical condition of the patient, the severity of the disease, the route of 
administration, pharmacological considerations such as the activity, efficacy, 
phar mac o kine tic and toxicology profiles of the particular compound employed, 
whether a drug delivery system is utilized and whether the compound is 
administered as part of a drug combination. Thus, the dosage regimen actually 
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employed may vary widely and therefore deviate from the preferred dosage 
regimea set foxth above. 

The compounds of the present invention may be administered orally, 
parenterally, by inhalation q)ray, rectally, or topically in dosage tmit formulations 
containing conventional nontoxic phannaceutically acceptable carriers, adjuvants, 
and vehicles as desired. Topical administration may also involve the use of 
tiansdennal administration such as transdennal patches or iontq}horesis devices. 
The term parenteral as used herein includes subcutaneous injections, intravenous, 
intramuscular, intrastemal injection, or infusion techniques. 

Injectable preparations, for example, sterile injectable aqueous or 
oleaginous suspensions may be fonnulated according to the known art using 
suitable dispersing or wetting agents and su^nding agents. The sterile injectable 
preparation may also be a sterile injectable solution or su^nsion in a nontoxic 
parenterally acceptable diluent or solvent, for example, as a solution in 1,3- 
butanediol. Among the acceptable vehicles and solvents that may be employed are 
water, Ringer's solution, and isotonic sodium chloride solution. In addition, 
sterile, fixed oils are conventionally employed as a solvent or suspending medium. 
For this purpose any bland fixed oil may be employed including synthetic mono- 
or diglycerides. In addition, fatty acids such as oleic acid find use in the 
prqxaiation of injectables. 

Suppositories for rectal administratie:^t of the drug can be prq)arsd by 
mixing the drug with a suitable nonirritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary temperatures but liquid at the 
rectal temperature and will therefore melt in the rectum and release the drug. 

Solid dosage fonns for oral administration may include capsules, tablets, 
pills, powders, and granules. In such solid dosage forms, the active compound 
may be admixed with at least one inert diluent such as sucrose lactose or starch. 
Such dosage forms may also comprise, as in normal practice, additional substances 
other than inert diluents, e.g., lubricating agents such as nugnesium stearate. In 
the case of capsules, tablets, and pills, the dosage forms may also comprise 
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buffering agents. Tablets and pills can additionally be prepared with enteric 
coatings. 

Liquid dosage forms for oral administration may include pbaxmaceutically 
accq>table emulsions, solutions^ suspensions, syrups, and elixirs containing inert 
diluents conunonly used in the art, such as water. Such compositions may also 
comprise adjuvants, such as wetting agents, emulsifying and suspending agents, 
and sweetening, flavoring, and perfuming agents. 

Pharmaceutically accqjtable carriers encompass all the foregoing and the 

like. 

While the compounds of the invention can be administered as the sole 
active pharmaceutical agent, they can also be used in combination with one or 
more immunomodulators, antiviral agents or other antiinfective agents. For 
example, the compounds of the invention can be administered in combination with 
AZT or with N-butyl*l-deoxynojirimycin for the prophylaxis and/or treatment of 
AIDS. When administered as a combination, the thersqmitic agents can be 
formulated as sepmtt compositions which are given at the same time or different 
times, or the therapeutic agents can be given as a single composition. 

The foregoing is merely iUustrative of the invention and is not intended to 
limit the invention to the disclosed compounds. Variations aixl changes which are 
obvious to one skilled in the art are intended to be within the scope aixi nature of 
the invention which are defmed in the appended clair^s. 

The preceding examples can be repeated with similar success by 
substituting the generically or specifically described reactants and/or operating 
conditions of this invention for those used in the preceding examples. 

From the foregoing description, one skilled in the art can easily ascertain 
the essential characteristics of this invention, and without departing from the spirit 
and scope thereof, can make various changes and modifications of the invention 
to adapt it to various usages and conditions. 
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WHAT IS CLAIMED IS: 



1. 



A oompouod r^resented by the fonnula 




R ' OH R^ 



including a phannaceudcally acceptable salt, prodnig or ester thereof » wherein: 
Rrq)resents hydrogen, alkoxycarbonyl, aryloxycaitwnylalkyl, aralkoxy- 



carbonyl, alkylcarbonyl, cycloalkylcarbonyl, 
cycloalkylalkoxycarbonyl, cycloalkylalkanoyl, alkanoyl, 
aralkanoyl, aroyl, aryloxycarbonyl, aryloxyalkanoyl, 
heterocyclylcarbonyl, heterocyclyloxycarbonyl, 
heteroaralkoxycarbonyl, heterocyclylalkanoyl, 
heterocyclylalkoxycarbonyl, heteroarylcarbonyl, 
heteroaryloxycarbonyl, heteroaroyl, alkyl, aryU aralkyl, 
aryloxyalkyl, heteroaryloxyalkyl, hydroxyalkyl, 
alkylaminocaibonyl, aiylaminocaibonyl, aialkyhuninocajbonyl, 
aminoalkanoyl, atninocarbcoyl, aminocarbonylalkyl, 
alkylaminoalkylcarbonyl, and mono- and disubstituted 
aminoalkanoyl radicals wherein the substituents are selected from 
the group consisting of alkyl, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl, hcteroaiyl, heteroaialkyl, heterocycloalkyl, and 
heterocycloalkylalkyl radicals, or in the case of disubstituted 
aminoalkanoyl, said substituents along with the nitrogen atom to 
which they are attached form a heterocyclyl or heteroaryl 
radical; 
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R* represents alkyl, alkenyl, bydroxyalkyl, alkoxyalkyl, cycloalkyl, 
cycloalkylalkyl, heicrocycloalkyl, heteroaryl, 
betcTocycloalkylaUcyl, aiyl, aralkyl, and beteroaralkyl radicals, 
or R and R* together with the nitrogen to which they are 
attached form a hetenx;ycloalkyl or heteroaiyi radical; 

R* rq)resents hydrogen, -CHjSO,NHj, -COjCHj, -C3IjC0,CH„ -CONH,, - 
CONHCHj. -C0N(C3I,)j, -CH3CONHCH,, -CHjCON(CH,)j, 
alkyl, alkenyl, alkynyl, fluorinated alkyl and cycloalkyl radicals 
and amino acid side chains selected from the group consisting of 
asparagine, S-methyl cysteine and the oorreqx)nding sulfoxide 
and sulfone derivatives thereof, glycine, leucine, isoleucine, allo- 
isoleucine, tert-leucine, alanine, phenylalanine, ornithine, 
histidine, norleucine, glutamine, valine, threonine, allo- 
threonine, serine, aspartic acid and beta-cyano alanine side 
chains; 

R^* and R'* independently rq)resent hydrogen and radicals as defined for R^ or one 
of R** and R'* together with R' and the carbon atoms to which 
they are attached rqpresent a cycloalkyl radical; 

R^ r^resents alkyl, aiyl, cycloalkyl, cycloalkylalkyl and aralkyl radicals, 
which radicals are optionally rabstituted with a substituent 
selected from the group consistij^g of -NO,, -0R*^ -SR", and 
halogen radicals, wherein R" represents hydrogen and alkyl 
radicals; 

R^ represents hydrogen, alkyl, alkenyl, hydroxyalkyl, alkoxyalkyl, cycloalkyl, 
cycloalkylalkyl, heterocycloalkyl, heteroaryl, 
heterocycloalkylalkyl, aryl, aralkyl, and beteroaralkyl radicals; 
rq)resents O, S and NR'; 

R^ and R^ together with the nitrogen atom to which they are bonded represent a 
N-hctcrocyclic moiety; and 

R^ r^resents hydrogen and alkyl radicals. 
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2. Compound of claim 1; wherein R represents aialkoxycaibonyl 
and beteioaroyl radicals. 

3. Compound of claim 1; wherein R iq>reseots cait>obenzoxy, 2- 
benzofurancaibonyl and 2-quinolinylcaibonyl radicals. 

4. Compound of claim 1; wherein R xq)resents caibobenzoxy. 

5. Compound of claim 1 ; wherein R represents 2-quinoIinylcaibonyl 
and 2-benzofurancait)onyl radicals. 

6. Compound of claim 1; wherein R^ fq)resents alkyl radicals and 
amino acid side chains selected from the group consisting of aqiaragine, valine, 
threonine, aUo-threonine, isoleudne, S-methyl cysteine and the sulfone and 
sulfoxide derivatives thereof, alanine, and allo-isoleudne. 

7. Compound of claim 1; wherein R^ represents hydrogen, methyl, 
trifluoromethyl, t-butyl, isppropyl, hexafluoriosopropyl and sec-butyl radicals, and 
amino acid side chains selected from the group consisting of asparagine, valine, 
S-methyl cysteine, allo-iso-leucine, iso-leucine, threonine, serine, a^»itic acid, 
beta-cyano alanine, and allo-threonine side chains. 

8. Compound of claim 1; wherein R* iq)resents methyl and 
hydrogen. 

9. Compound of claim 1; wherein R* represents amino acid side 
chains selected from asparagine, valine, alanine and isoleucine side chains. 

10. Compound of claim 1; whereii; xq>resents amino acid side 
chains selected from asparagine, isoleucine and valine side chains. 

11. Compound of claim 1; wherein R* xq}resents a methyl radical. 

12. Compound of claim 1; wherein R* represents an isopropyl and 
sec-butyl radical. 

13. Compound of claim 1; wherein R' represents alkyl, 
cycloalkylalkyl and aralkyl radicals, which radicals are optionaUy substituted with 
halogen radicals and radicals iq)resented by the fonnula -OR' and -SR* wherein 
R' rq>rcsents hydrogen and alkyl radicals. 
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14. Compound of claim 1; wherein represents alkyl» 
cycloalkylalkyl and aralkyl radicals. 

15. Compound of claim 1; wherein represents aralkyl radicals. 

16. Compound of claim 1 ; wherein R' represents CHjSCHsCH,-, iso- 
butyl, n-butyl, benzyl, 4-fluorobenzyl, 2-napbthylmethyl and cyclohexylmetbyl 
radicals. 

17. Compound of claim 1 ; wherein R^ represents an n-butyl and iso- 
butyl radicals. 

18. Compound of claim 1; wherein R' represents benzyl, 4- 
fluorobenzyl and 2-naphtbylmethyl radicals. 

19. Compound of claim 1 ; wherein R' represents a cyclohexylmethyl 

radical. 

20. Compound of claim 1 ; wherein R^ and R^' are both hydrogen and 
R^' represents an alkyl radical having from 1 to about 4 carbon atoms. 

21. Compound of claim 1; wherein R* and R»' are both hydrogen and 
R'" represents -CH^O^j, -CONH,, -COjCHj, alkyl and cydoalkyl radicals and 
amino acid side chains selected from the group consisting of asparagine, S-methyl 
cysteine and the sulfone and sulfoxide derivatives thereof, histidine, norieucine, 
glutamine, glycine, allo-isoleucine, alanine, threonine, isoleucine, leucine, tcrt- 
leucine, phenylalanine, ornithine, allo-threonine, serine, aspartic acid, beta-cyaix> 
alanine and valine side chains. 

22. Compound of claim 1; wherein R' is a methyl radical. 

23. Compound of claim 22; wherein R represents an alkanoyl, 
arylalkanoyl, aryloxyalkanoyl or arylalkyloxylcarbonyl radical. 

24. Compound of claim 22; wherein R rqncsents a phenoxyacetyU 
2-naphthyloxyacetyl, benzyloxycarbonyl or p-methoxybenzyloxycarbonyl radical 

25. Compound of claim 1 ; wherein R* and R*' are both hydrogen and 
R*' is CONHj. 

26. Compound of claim 25; wherein R represents 2- 
quinolinylcarbonyl or 2-benzofuranoyl and R* rqsresents hydrogen. 
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27. Compound f claim 22; wherein R represents an 
alkyiaminocaiix>nyl and an aialkylaminocaibonyl ladical. 

28* Compound of claim 22; wherein R represents an N* 
methylaminocaxtxmyl and an N-benzylaminocaibonyl radiciL 

29. The compound of claim 1 , wheiein the N-beterocydic moiety is 
selected from the group consisting of: 




(C) (H) (J) 
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wherein: 

R* represents allcoxycaibonyl, moaoalkylcaibamoyl, monoaialkylcaitamoyl, 
monoaiylcartamoyl or t group of the foimula: 




wherein R" and R" each rq)resents alkyl; 

R" iqiresents hydrogen, hydroxy, alkoxycaibonylamino or acylamino; 
R" represents hydrogen, alkyl, aiyl, alkoxycaibonyl or acyl; 
m is 1, 2, 3, or 4; 
p is 1 or 2; and 
q is 0, 1 or 2. 

30. Compound of claim 29, wherein R» represents alkoxycczbonyl 
and monoalkylcaibonoyl. 

31. Compound of claim 29, wherein R» iqnesents -C(0)CX:(CH,), 
and -C(0)NHC(CHO,. 

32. Compound of claim 29, whc;rein the N-heterocydic moiety 
rqjresents a group of formula (D) in which R' represents N-tertbulylcailiamoyI, 
and q is 1. 

33. Compound of claim 29, wherein the N-heterocyclic moiety is 
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34. A compound of claim 1 which is caibamic acid, [3-[[3-P-[[(l,l- 

dimcthylethy l)-amino]cart)onyl]octahydro-2 ( 1 H)-isoquinoliny I]-2-hydroxy- 1 - 

(phenyl-mcthyl)propyl]ainino]-2-mcthyl-3-oxopropyl]%(4-mcthoxyphcnyO 
ester, pS-t2[lR*(S*),2S*], 3a, 4 a^S, 8 afl]-. 

35. A compound of claim 1 which is butanediamide, N'-P-P-ttCl,!- 
dimethylethyl)-amino]carl)onyl]octahydro-2(lH)-isoquinolinyI]-2-hydroxy-l- 
(phenyl-mcthyl)piopyI]-2-[(2-quinolinylcarbonyl)amino]-I3S[2[l^ 

4 a^, 8 a/JU-. 

36. A phannaceutical composition comprising a compound of claim 
1 and a pharmaceutically accq}table carrier. 

37. Method of inhibiting a retroviral protease comprising 
administering a protease inhibiting amount of a composition of rJiiim 36. 

38. Method of claim 37; wherein the retroviral protease is HTV 
protease. 

39. Method of treating a retroviral infection comprising administering 
an effective amount of a composition of claim 36. 

40. Method of claim 39; wherein the retroviral infection is an HTV 
infection. 

41 . Method for treating AIDS comprising administering an effective 
amount of a composition of claim 36. 

42. Method of inhibiting a retroviral protease comprising exposing 
retroviially infected cells with an amount of the compound of claim 1 effective to 
disnipt the xq}Iication of a retrovirus in said retrovirally infected cells. 

43. A compound rq>resented by the formula; 

R C H J ) .--^^^^-Y^N^^^N--^ ' 

r' r* oh r* 

including a phannaceutically acceptable salt, piodnig or ester thereof, wherein: 
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iq)reseots 



R* represents radicals as defined for R* and aminoalkyl radicals wherein said 
amino group may be mono- or disubstituted with substitiients selected from alkyl, 
aryl, aralkyl. cycloalkyl, cycloalkylalkyl, heteroaryl. heteroaralkyl. 
heterocycloalkyl and heterocycloalkyl alkyl radicals; 
t r^resents either 0 or 1; 

R' repieseois hydrogen, -CH^O^NH,, -Cp,CH„ -CH,CO,CH„ -CONH,, - 
CONHCH,, -CON(CH,)„ -CH,CONHCH„ -CHjCHCON(CH0„ 
alkyl, alkenyl, alkynyl and cycloalkyl radicals and amino acid 
side chains selected from the group consisting of asparagine. S- 
mediyl cysteine and the coiiesponding sulfoxide and sulfone 
derivatives thereof, glycine, leucine, isoleucine, allo-isoleucine, 
tert-leucine, alanine, phenylalanine, ornithine, histidine, 
norleucine, glutaminc, valine, threonine, aUo-threonine, serine, 
a^nitic acid and beta-cyano alanine side chains; 
alkyl, aiyl, cycloalkyl, cycloalkylalkyl and aralkyl radicals, 
which radicals are optionaUy substituted with a substituent 
selected from the group consisting of -NO,; -OR', -SR', and 
halogen radicals, wherein R» represents hydrogen and alkyl 
radicals; 

alkyl, hydrogen, alkenyl, hydrozyalkyl, alkoxyalkyl, cycloalkyl, 
cycloalkylalkyl, heterocycloalkyl, heteroaryl, 
heterocycloalkylalkyl, aiyl, aralkyl, and heteroaralkyl radicals; 
Y' rq)resents O, S and NR'; 

R* and R» together with the nitrogen atom to which they are bonded represrat a 

N-heterocyclic moi^; 
R* represents hydrogen and alkyl radicals; and 
R" and R" rqpresem radicals as defined for R'. 

44. Compound of claim 43; wherein t is 0. 

45. Compound of claim 43; wherein Y' represents O. 

46. Compound of claim 43; wherein R* is hydrogen. 



R' r^resents 
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47. Compound of claim 43; wherein tcpresetits hydrogen and alkyl 
radicals having from 1 to about 4 caibon atoms. 

48. Compound of claim 43; wherein iq)resents a methyl radical. 

49. Compound of claim 43; wherein R^ represents methyl, 
trifluoromethyU ethyl, isc^ippyl, hexafluoioisopropyl and t-butyl radicals. 

50. Compound of claim 43; wherein R^ and R^^ independently 
iq)resent hydrogen and alkyl radicals. 

51. Compound of claim 43; wherein R^ and R^^ independently 
iq)resent hydrogen and methyl radicals. 

52. Compound of claim 43; wherein R^ is hydrogen and R'^ is an 
alkyl radical. 

53. Compound of claim 43; wherein R' n^ntsents alkyl, aiyl and 
aralkyl radicals. 

54. Compound of claim 43; wherein R' is selected from methyl and 
phenethyl radicals. 

55. Compound of claim 43; wherein R' represents alkyl, 
cycloalkylalkyl and aralkyl radicals, which radicals are optionally substituted with 
halogen radicals and radicals represented by the formula -OR" and -SR" wherun 
R" represents hydrogen and alkyl radicals. 

56. Compound of claim 43; whrr^in R^ represents alkyl, cycloalkyl 
and aralkyl radicals. 

57. Compound of claim 43; wherein R^ rq)resents aralkyl radicals. 

58. Compound of claim 43; wherein R^ rq)resents CRySCR^CB?-, 
iso-butyl, n-butyl, benzyl, 4-fluorobeDzyl, 2-napbthylmethyland cyclohexylmefhyl 
radicals. 

59. Compound of claim 43; wherein R^ rq>resents n-butyl and iso- 
butyl radicals. 

60. Compound of claim 43; wherein R^ r^resents benzyl, 4- 
fluorobenzyl, and 2-naphthylmethyl radicals. 
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61. Compound f claim 43; wherein R' represents a 
cyclohexylmetbyl radical. 

62. "Hie wnipound of claim 43, wherein the N-heteiocyclic moiety 
is selected ftom the group consisting of: 



I (CM,), 



t 3 



(*) 



(B) 



(C) 



















(0) 






(F) 




(c) 




(H) 
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wheieia: 

iq)rcsents alkoxycaitranyl, moDoalkylcaibamoyl, moooazalkylcaxbamoyl, 
monoarylcaifoamoyl or a group of the fonnuk: 



H 0 




wbexein and R" each rq)reseDts alkyl; 

R'^ iq)resents hydrogen, hydroxy, alkoxycaibonylamino or acylamino; 
R" rq)resents hydrogen, alkyl, aryl, alkoxycaibonyl or acyl; 
tn is 1, 2, 3, or 4; 
p is 1 or 2; and 
q is 0, 1 or 2. 

63. Compound of claim 62, wherein R' represents alkoxycartxmyl 
and monoalkylcaifoamoyl. 

64. Compound of claim 62, wherein R' represents -C(0)0C(CHj)3 
and -C(0)NHC(CH,)3. 

65. Compound of claim 62 wherein the N-heterocyclic moiety 
rq)resents a group of formula (D) in which R' rq>resents N-tertbutylcaifaamoyl, 
and q is 1. 

66. Compound of claim 62, wherein the N-heierocyclic moiety is: 



wo 93/23379 



PCr/US93/04208 



- 121 . 



67. A compound of claim 43 which is 3-Isoquiooliiiecuboxamide,N- 
(l,l-dimethylcthyl)decahydro-2-[2.hydroxy.3-[[2.meUiyl-3-(mcthyl5ulfonyl).l- 
oxopropyl]amiiJo]-4-pbenylbut:-l]-, PS-(2PS*,3R*(R*)], 3a,4 8 afi]]-. 

68. A phannaceutical composition comprising a compound of claim 
43 and a phannaceutically accq)table caxiier. 

69. Method of inhibiting a retroviral protease comprising 
administering a protease inhibiting amount of a composition of claim 68. 

70. Method of claim 69; wherein the retroviral protease is HIV 
protease. 

71. Method of treating a retroviral infection comprising administering 
an effective amount of a composition of claim 68. 

72. Method of claim 71; wherein the retroviral infection is an HIV 
infection. 

73. Method for treating AIDS comprising administering an effective 
amount of a composition of claim 68. 

74. Method of inhibiting a retroviral protease comprising exposing 
retrovirally infected cells with an amount of the compound of claim 43 effective 
to disrupt the repUcation of a retrovinis in said retrovinfly infected cells. 

75. A compound rqjresented by the fonnula: 




including a pharmaccuUcally acceptable salt, prodnig or ester thereof, wherein: 
t representa either 0 or 1; 

R' represents hydrogen, -CH^O,NH„ -CO,CH„ ^,CO,CH„ -CONH,, - 
CONHCH,, -CON(CH0„ -CMjCONHCH,, -CHjCHCONCCSl^, 
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alkyl, alkenyl, alkynyl and cycloalkyl radicals and amino acid 
side chains selected from the group consisting of a:^paragine, S* 
methyl cysteine and the corre^nding sulfoxide and sulfone 
derivatives thereof, glycine, leucine, isoleucine, allo-isoleucine, 
tert-leucine, alanine, phenylalanine, ornithine, histidine, 
norieucine, glutamine, valine, threonine, allo-threonine, serine, 
aspaitic acid and beta-cyano alanine side chains; 
r^resents alkyl, aiyl, cycloaUcyl, cycloalkylalkyl and aralkyi radicals, 
which radicals are optionally substituted with a substituent 
selected from the group consisting of -NO^, -OR^^ -SR", and 
halogen radicals, wherein R" rq>resents hydrogen and alkyl 
radicals; 

R' rqpresents hydrogen, alkyl, alkenyl, hydroxyalkyl, alkoxyalkyl, cycloal^l, 
cycloalkylalkyl, heterocycloalkyl, heteroaryl, 
heterocycloalkylalkyl, aiyl, aralkyl, and beteroaralkyl radicals; 

X* rq>rcsent O, N and C(R'^ where R'^ represents hydrogen and alkyl 
radicals; 

Y* and Y" indq>endentiy r^resent O, S and NR'; 

R^ and R^ together with the nitrogen atom to which they are bonded rq>iesent a 

N-heterocyclic moiety; 
R^ represents hydrogen and alkyl radicals; 

R'^, R'* and R" indq)endently represent radicals as defined for R*, or one of R* 
and R** together with one of R" and R" and the caibon atoms 
to which they are attached form a cycloalkyl radical; and 

R^^ and R^ indq>endently rq)resent radicals as defmed for R', or R" and R^ 

together with X* rq)resent cycloalkyl, aiyl, beterocyclyl and 
heteroaryl radicals, provided that when X* is O, R** is absent. 

76. Compound of claim 75; wherein Y' and Y* are 0. 

77. Compound of claim 75; wherein t is 0. 

78. Compound of claim 75; wherein X* represents N and O. 
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79. Compound of claim 75; wherein i^resents hydrogen and alkyl 
radicals having from 1 to about 4 caxbon atoms, aralkyl radicils» bydioxyl 
radicals, and radicals iiq>resented by the fonnula -CH3C(0)R'' where R' iq)reseots 
R", -NR^R** and -OR" wherein R" and R** indq>endcntly nprescnt hydrogen and 
alkyl radicals having from 1 to about 4 caibon atoms. 

80. Compound of claim 75; wherein R^ xq>resents hydrogen^ methyl, 
ethyl, benryl, phenylpropyl, hydroxyl and radicals iq)resented by the fonnula - 
CH3C(0)R' wherein R* rq)resents -CH), -NH, and -OH. 

81. Compound of claim 77, wherein R^ and R'^ are both hydrogen 
and R*^ and R" are both methyl. 

82. Compound of claim 77; wherein R^ is hydrogen and R\ R'^ and 
R^ are all methyl 

83. Compound of claim 77; wherein R^, R'^ and R'^ are hydrogen 
and R^ is methyl. 

84. Compound of claim 77; wherein R^ and R'Vare both hydrogen 
and R^ and R*^ together with the caibon atoms to which they are attached form 
a three to sbc-membered cycloalkyl radical. 

85. Compound of claim 77; wherein X* is O and R" is hydrogen or 
an alkyl radical. 

86. Compound of claim 77; wherein X' is O, R^ is absent and 
represents an aralkyl radical. 

87. Compound of claim 77; wherein R' represents alkyl, 
cycloalkylalkyl and aralkyl radicals, which radicals are optionally substituted with 
halogen radicals and radicals represented by the formula -OR" and -SR" wherein 
R" r^ix:>ents hydrogen and alkyl radicals. 

88. Compound of claim 77; wherein R' represents alkyl, 
cycloalkylalkyl and aralkyl radicals. 

89. Compound of claim 77; wherein R^ represents aralkyl radicals. 

90. Compound of claim 77; wherein R^ rq>resents CH}SCBsCHrt 
iso-butyl, n-butyl, benzyl, 2-naphthylmethyl and cyclohexylmethyl radicab. 
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91. Compound of claim 77; wherein itpresents n-butyl and iso- 
butyl radicals. 

92. Compound of claim 77; wherein represents benzyl, 4- 
fluorobenzyl, and 2-naphihylmethyl radicals. 

93. Compound of claim 77; wherein R' represents a 
cyclobexylmethyl radical. 

94. The compound of claim 75, wherein the N-heterocyclic moiety 
is selected from the group consisting of: 




(C) (H) (J) 
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wherein: 

R* rq)resents alkoxycaibooyl, moaoalkyleaibamoyl, moaoanlkylcartamoyl, 
monoaiylcaibamoyi or a group of the formula: 




t herein R" and R" each represents al^l; 

R" r^resrats hydrogen, hydroxy, alkoxycaiiwnylamino or acylamino; 
R" rq)rB$ents hydrogen, alkyl, aryl, alkoxycaibooyl or acyl; 
m is 1, 2, 3, or 4; 
p is 1 or 2; and 
q is 0, 1 or 2. 

95. Compound of claim 94, wherein R» represents alkoxycaibooyl 
and monoalkylcaibamoyl. 

96. Compound at claim 94, wherein R* rqneseots -C(0)OC(C^ 
and -C(O)NHC(CH0i. 

97. Compound of claim 94, wherein the N-heterocydic moiety 
represents a group of formula (D) in which R' rq)resents N-teit-butylcaibamoyl, 
and q is 1. 

98. Compound of claim 94, wherein the N-heteiocycUc moiety is: 
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99. Compound of claim 75 which is butanoic acid, 4-[[3-p-[[(l»l- 
dimethylethyl)amino]carbonyl]octahydro-2(IH)-isoquinoliayl]-2*hydroxy-l- 
(phenylmethyl)propyl]amiiio]-2,2,3-trimethyl-4-ox<>-, PS-[2[1R*(S*),2S*], 3 a,4 
ajS, Saffll-. 

100. Compound of claim 75 which is butanamide, 4-[[3-[3-[[(l,l- 
dimethylethyl)-amino]caibonyI]octahydn>-2 (lH)-isoquinolinyl]-2-hydioxy-l- 
(phcnylmcthyl)propylJamino]-2,2,3-trimcthyl-4^xo-,P^ 4 
aj8. 8 affl].. 

101 . A phannaceutical composition comprising a compound of claim 
75 and a phannaceutically acceptable carrier. 

102. Method of inhibiting a retroviral protease comprising 
administering a protease inhibiting amount of a composition of claim 101. 

103. Method of claim 102; wherein the ittroviial protease is HTV 
protease. 

104. Method of treating a retroviral infection comprising arfmintgf^ng 
an effective amount of a composition of claim 101. 

105. Method of claim 104; wherein the retroviral infection is an HTV 
infection. 

106. Method for treating AIDS comprising administering an effective 
amount of a composition of claim 101. 

107. Method of inhibiting a retroviral protease comprising exposing 
retrovirally infected cells with an amount of the compound of claim 75 effective 
to disrupt the replication of a retrovirus in said retrovixaDy infected cells. 

108. A compound represented by the formula: 
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including a pharmaceutically accqnable salt, piodnig or ester thereof, wherein: 
R and R* independently represent hydrogen, alkyl, aryl, aralkyl, cycloalkyl, 

cydoalkylalkyl, hetcroaryl, heteroaialkyl, heterocycloalkyl, and 
heterocycloalkylalkyl radicals, or R and R* along with the 
nitrogen atom to which they are attached form a hetero^clyl or 
heteroaryl radical; 
n represents 1 or 2; 

R' represents hydrogen. -CH:SO^„ <:0,CH„ -CMjCOjCH,. -CONH,. - 
CONHCH,, -C(CH^,SCH„ .C0N(C3I,)„ <H,CONHCH„ - 
CH,CON(CH,)„ -C(Ca^iO)Ca„ -C(CH,)^0,CH„ alkyl, 
alkcoyl, alkynyl, thioalkyl and cycloalkyl radicals and amino 
acid side chains selected from the group consisting of aspaiagine, 
S-methyl cysteine and the corresponding sulfoxide and sulfone 
derivatives thereof, glycine, leucine, isoleueine, allo-isoleudne, 
tcrt'leucine, alanine, phenylalanine, ornithine, histidine, 
norieucine, glutamine, valine, thrwnine, allo-thieonine, serine, 
aspartic acid and beta-<yano alanine side chains; 

R'' and R'" independently represent hydrogen and radicals as defined for R'. 

R» represents alkyl, aiyl, cycloalkyl, cydoalkylalkyl and aralkyl ladicak, 
which radicals are optionaUy substituted with a substituent 
sdected from the group consisiing of -N0(„ -OR", -SR", and 
halogen radicals, wherein R" represents hydrogen and alkyl 
radicals; 

R' represents hydrogen, alkyl, alkenyl, hydroxyalkyl, alkoxyalkyi, cycloalkyl, 
cydoalkylalkyl, heterocycloalkyl, heteroaryl, 
heterocycloalkylalkyl, aryl, aialkyl, and heteroaialkyl radicals; 

Y' and Y" indq)endently rq>rBsent O, S and NR'; 

R* and R« together with the nitrogen atom to which they are bonded represent a 

N-hcterocyclic moiety; 
R* and R*' indqjcndently represent hydrogen and alkyl radicals. 
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109. Compound of claim 108; wherein o is 1. 

1 10. Compound of claim 108; wherein represents hydrogen, alkyl, 
thioalkyl, hydroxyalkyl, alkenyl and alkynyl radicals. 

111. Compound of claim 108; wherein represents isopropyl, ten- 
butyl, isobutyl, sec-butyl, -C(CH3)^CH„ -C(CHj)jS(0)CH„ -C(CH,)3S0,CH, and 
propargyl radicals. 

112. Compound of claim 108; wherein R^ represents alkyl radicals 
having from 1 to about 4 carbon atoms. 

113. Compound of claim 108; wherein R^' and R^' indq)endeotly 
rt^resent hydrogen, alkyl, hydroxyalkyl and aralkyl radicals. 

1 14. Compound of claim 108; wherein R^' and R^* represent hydrogen, 
lis. Compound of claim 108; wherein R*' rq>resents hydrogen, 

methyl, hydroxymethyl, 1 -hydroxy ethyl and benzyl radicals. 

116. Compound of claim 108; wherein R'* is hydrogen. 

117. Compound of claim 108; wherein R^' is hydrogen. 

118. Compound of claim 108; wherein R and R* independently 
represent alkyl radicals. 

119. Compound of claim 108; wherein R and R* are both methyl 
radicals. 

120. Compound of claim 108; wherein R and JC indq>endently 
represent alkyl and aryl radicals. 

121. Compound of claim 108; wherein R and R' indq)endently 
rq)resent methyl, ethyl and benzyl radicals. 

122. Compound of claim 108, wherein R and R' together with the 
nitrogen atom to which they are bonded rq)resent a 3 to 8 membered ring 
heterocyclioalkyl or heteroaryl radical. 

123. Compound of claim 108; wherein R and R* together with the 
nitrogen atom to which they are twnded form a pyrrolidinyl or imidazolyl radicals. 

124. Compound of claim 108; wherein R' represents alkyl, cycloalkyl 
and aralkyl radicals, which radicals are optionally substituted with halogen radicals 
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and radicals leprtscntod by the formula -OR" and -SR" wherein R" xqmsems 
hydrogen and alkyl radicals* 

125. Compound of claim 108; wherein R' represents n-butyl, 
cyclohexylmethyl, benzyl and p-fluorobenzyl radicals. 

126. Compound of claim 108; wherein R^ represents alkyl, 
cycloalkylalkyl and aralkyl radicals. 

127. Compound of claim 108; wherein R' represents mlkyl radicals. 

128. Compound of claim 108; wherein R* and R«' independently 
rq>resent hydrogen. 

129. Compound of claim 108; wherein R* and R*' are hydrogen. 

130. Compound of claim 108; wherdn and Y" are O. 

131. Hie compound of claim 108, wherein the N-heterocydic moiety 
is selected from the group consisting of: 
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(C) (H) (J) 



wherein: 

R* rq>resents alkoxycaibonyl, moDoalkylcaibamoyl, monoaxalkylcaitanioyl, 
monoarylcaifoaxDoyl or a group of the fonnula: 

0 r'^h 

wherein R'^ and R" each represents aOcyl; 

R" represents hydrogen, hydroxy, alkoxycait>ooylamino or acylamino; 
R" represents hydrogen, alkyl, aiyl, aIkoxycaitx>nyl or acyl; 
m is 1, 2, 3, or 4; 
p is 1 or 2; and 
q is 0, 1 or 2. 

132. Compound of claim 131, wherein R* r^resents alkoxycaibonyl 
and monoaUcylcaxbamoyl. 

133. Compound of claim 131, wherein R* represents -C(0)OC(CH,), 
and -C(0)NHC(CH3)3. 
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134. Compound of claim 131, wherein the N-heterocycIic moiety 
represents a group of fonnula (D) in which iq>resents N-teitbutylcaibamoyl » 
and q is 1. 

135. Compound of claim 131, wherein the N-heterocyclic moiety is: 




136. A compound of claim 108 which has the following formula: 




137. A pharmaceutical composition comprising a compound of claim 
108 and a pharmaceuticaUy accq>table carrier. 

138. Method of inhibiting a retroviral protease comprising 
administering a protease inhibiting amount of composition of claim 137. 

139. Method of claim 138; wherein the retroviral protease a HIV 
protease. 

140. Method of treating a retroviral infection comprising artminirtftring 
an effective amount of a composition of claim 137. 
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141. Method of claim 140; wherein the retroviral infection is an HIV 
infection. 

142. Method for treating AIDS comprising aHfnitii!gti»ritn>- effective 
amount of a composition of claim 137. 

143. Method of inhibiting a retroviral protease conq>rising e>qx>sing 
retroviially infected cells with an amount of the compound of claim 108 eflfective 
to disrupt the replication of a retrovirus in said retroviially infected cells. 
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